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1.0 INTRODUCTION 

This Plan for Discontinuing Sanitary Sewer Discharges (Plan) is submitted to the 
U.S. Enviromnental' Protection Agency (U.S. EPA) and the Minnesota Pollution Control 
Agency (MPCA) pursuant to Section 2.9 of the Remedial Action Plan (RAP) embodied 
in the Consent Decree in the case of the United States of America, et al. vs. Reilly Tar 
& Chemical Corporation, et al. (U.SL District Court, Minnesota, Civil No. 4-80-469); This 
Plan is a revision to the one submitted to the U.S. EPA and the MPCA in November, 
1989 as it incorporates the comments received from these >two agencies. Respective copies 
of the comment letters from both the U.S. EPA and the MPCA are given as Attachment 
A; a summary of responses to agencies comments is also provided. 

Section 2.9 of the RAP addresses the planning and approval process required if 
Reilly Industries wishes "to change the discharge to the storm sewer or a surface water 
body of any source control or gradient control well that is required to be discharged to 
the sanitary sewer by the provisions of the RAP" (RAP pg. 9). In particular, this Plan 
describes the proposed construction and operation of a treatment plant that will allow the 
discharges from source control wells W23, W420,. and W421 to be routed to a storm sewer 
that discharges to Mirmehaha Creek. Well W23 is the Prairie du Chien-Jordan source 
control well installed by Reilly pursuant to RAP Section 7.1, and Wellis W420 and W421 
are the Drift and Platteville, respectively, source control wells installed by Reilly pursuant 
to RAP Section 9.1. All three source control wells currently are discharged to the sanitary 
sewer. Switching their discharges to the storm sewer is required by Paragraph 2(c) of the 
City/Reilly Agreement (which is incorporated in the Consent Decree) by September, 1990. 
Moreover, the sanitary sewer discharge permit for these wells expires at the same time. 
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2.0 PROPOSED DISCHARGE PLAN 

Section 2:6 of the RAP specifies the discharge limits to be incorporated in the draft 
of any NPDES discharge permit that is needed as a result of a remedial action required 
by the RAP. These discharge limits are exceeded by the current discharges from each of 
the source control wells at issue (See Table 1). Reilly is proposing, therefore, to construct 
a single central treatment facility for treating the discharges from all' three wells so that 
the treated efQuent will meet the NPDES limits. The proposed treatment consists of 
oxidation/precipitation pretreatment for iron and manganese removal followed by activated 
carbon adsorption for removal of PAHs and phenolics. 

The efficacty of the proposed treatment-scheme has been demonstrated by extensive 
laboratory and pilot-scale treatability testing conducted for Reilly by Remediation 
Technologies, Inc. (ReTeC). ReTeC's treatability study report is presented as Attachment 
B of this Plan. ReTeCs engineering evaluation report, which presents a conceptual design 
of the treatment plant and describes its operation, is presented as Attachment C of this 
Plan. Both of these reports constitute an integral portion of this Plan, and should be 
consulted for technical details. Specifically, Attachment C (Section S.O) presents a 
proposed plan for operational and permit monitoring of the treatment system. 
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TABLE 1 

COMPARISON OF ANTICIPATED NPDES DISCBARGE LIMITS 
AND CURRENT SOURCE CONTROL WELL DISCHARGE 

CONCENTRATIONS 

PARAMETER 

0*gA) 

Total Potentially 
Carcinogenic PAH 

Total Other PAH 

Phenanthrene 

Phenolics (4-AAP) 

NPDES LIMTTSM 

DAILY MAX. 30.DAYAVG.W 

NA[el 

34 

2 

NA 

031 (0.07)[f] 

17 

1 

10 

CURRENT DISCHARGESW 

5523 W420\W42lW 

037 

365 

23 

10 

0.03 

849 

9 

30 

Notes: 
M 
[b] 

W 
[d] 

[*] 

in 

Per RAP Section 2.6. 
Upper 95 percent confidence interval limit values per Table 3-2 in Attachment C 
A yearly quarterly average may be imposed instead of a 30-day average. 
For flow-proportioned combined discharge. 
Not Applicable. 
Per December 19; 1989 comment letter from the MPCA as given in Attachment 
A. 
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3.0 IMPLEMENTATION SCHEDULE 

The schedule for implementing treatment for Wells W23, W420, and W421 depends 
primarily on the time required to obtain the necessary NPDES: permit The objective is 
to have the b'eatment plant constructed and operating in September, 1990. This objective 
should be achievable if the NPDES permitting proceeds expeditious^, so that a permit can 
be issued six months after the application is made. 

Table 2 presents a tentative schedule based on a six-month NPDES permitting 
period. Under this schedule, the treatment plant should be in place and operational by 
the end of September, 1990. The schedule is tentative because of uncertainties in 
Agencies review time and permitting times. As cited by the MPCA (see Attachment A), 
this schedule could be greatly extended due to requests for a public hearing, and if such 
a public hearing is granted. The fixed schedule items are submission of this Plan and 
submission of an NPDES permit application by December 1, 1989. The NPDES permit 
application has been made by the City of St. Louis Park. A copy of the permit 
application to be submitted is included as Attachment D of this Plan. The other fixed 
schedule item is submission of detailed design drawings and specifications for review and 
comment by the U.S. EPA, MPCA, and the City of St. Louis Park. This submission will 
be made by April 20, 1990. This schedule also assumes that all necessary local permits 
will be obtained as required. 

Once the NPDES permit is granted and Agencies approval of the detailed design 
is obtained (i.e., June 1, 1990), Reilty will let bids for construction of the treatment plant, 
select a contractor and begin construction. The bidding process should take about one 
month. Construction is expected to take about three months, provided that the work is 
started sufficiently in< advance of winter. 
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TABLE 2 

TENTATIVE IMPLEMENTATION SCHEDULE FOR 

DISCONTINUING SANITARY SEWER DISCHARGES 

AcnviTY APPROX. DATE 

Submit Plan to U.S. EPA and MPCA No. 21, 1989 • 

Submit NPDES Pennit Application to MPCA Dec 1, 1989 * 

U.S. EPA/MPCA Comments on Plan Feb. 22, 1990 * 

Submit Revised Plan to U.S. EPA and MPCA March 23, 1990 * 

U.S. EPA/MPCA Approval of Plan April 16, 1990 

Submit Detailed Design for U.S. EPA MPCA and Ci^ Review April 20, 1990 

U.S. EPA/MPCA/Ci^ Comments on Detailed Design April 30, 1990 

Final Detailed Design Drawings and Specifications May 25, 1990 

U.S. EPA/MPCA/Clty Approval of Detailed Design June 1, 1990 

Issuance of NPDES Permit (allowing 6 months) June 1, 1990 

Complete Bidding Process for Construction July 1, 1990 

Complete Construction of Treatment Plant Sept 30, 1990 

Note: 
* Activity Complete 
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4.0 CESSATION CRITERIA 

Section 2.9 of the RAP requires that this Plan propose criteria by which it can be 
determined that treatment of the source control well discharges is no longer required. 
One obvious criterion is that treatment of a given well's discharge should not be required 
if the untreated discharge meets the criterion already established in the RAP for cessation 
of pumping (see RAP Sections 7.1.4 and 9.1.4). It is possible that a given well's discharge 
could meet the NPDES permit limits without treatment even though the cessation criterion 
for pumping has not been met (e.g., Well W23's untreated discharge could contain less 
than 17 /Lig/1 but more than 10 /ttg/1 total Other PAH). 

On this basis, the proposed criteria for cessation of treatment for one or more of 
the source control Wells W23, W420, and W421 are as follows: 

1. Treatment can be ceased for a given well if the untreated well 
discharge meets the criteria for cessation of pumping established 
the applicable section of the RAP (§7.1.4 or §9.1.4). 

2. Treatment of all three wells can be ceased if statistical evaluation of 
six months of monitoring data shows that the combined discharge of 
all three wells will meet the NPDES limits without treatment. This 
statistical evaluation will be based on the upper 95 percent confidence 
interval of six samples of the combined influent flow over a six-month 
period. This also applies to the case of ceasing only the activated 
carbon treatment but continuing the iron/manganese removal 
pretreatment (e.g., if the PAH and phenolics limits can be met 
without treatment but iron and manganese levels are too high). 

Any request for cessation of treatment will be submitted to the U.S. EPA and 
MPCA for review and approval' (or disapproval) in accordance with Part G of the 
Consent Decree. 
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ATTACHMENT A 

AGENCIES' COMMENTS TO PLAN SUBMLTTED IN 

NOVEMBER, 1989 

ATTACHMENT A-1 

DECEMBER 19, 1989 LETTER BY MIL DAVID R- NELSON 

OF THE MPCA TO MR. JOHN C. CRAUN OF REILLY; 

SUMMARY OF REILLY'S COMMENTS TO LETTER ALSO 

INCLUDED. 

ATTACHMENT A-2 

FEBRUARY 22, 1990 LETTER BY MR. DARRYL OWENS 

OF THE U. S. EPA AND MS. JULIE SHORTRIDGE 

OF THE MPCA TO MR. JIM BRATTNA OF REILLY; 

SUMMARY OF REILLY'S COMMENTS TO LETTER 

ALSO INCLUDED. 
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ATTACHMENT A-1 

DECEMBER 19, 1989 LETTER BY MR. DAVID R. NELSON 

OF THE MPCA TO MR. JOHN C. CRAUN OF REILLY; 

SUMMARY OF REILLY'S COMMENTS TO LETTER ALSO 

INCLUDED. 

* 
LiAk; 



Minnesota Poiilution Control Agency 
520 Lafayette Road, Saint Paul, MinnesotaK55155 

Telephone (612) 296-6300 

December 19/ 1989 

Mr. John C. Graun, P.E. 
Senior Engineer 
Corporate Environmental Affairs 
Reilly Industries, Inc. 
1500 South Tibbs Avenue 
P.O. Box 41076 
Indianapolis, Indiana 46241 

Dear Mr. Craun: 

tfe have reviewed the plan which was submitted November 21, 1989, for 
discontinuing the sanitary sewer discharges at the Reilly Tar and Chemical 
Corporation N.P.L. site in St. Louis Park, Minnesota. Ve have the following 
comments on this plan. 

As discussed during the November 29, 1989 meeting, ve will not allow the blending 
of treated water with untreated water as a means of achieving the final effluent 
limits. This was proposed as the second option for ceasing treatment of a given 
well on page 3 of the report. A 90 percent confidence interval is proposed in 
the report for determining whether effluent limits are being met. This would 
not provide adequate assurance of environmental protection. Ve typically use a 
95 percent confidence interval for evaluation of effluent data. The first and 
the third cessation criteria are acceptable. 

Regarding the anticipated NPDES limits on page 5 of the report, the limit for 
total carcinogenic PAH will likely be 0.07 ug/L, not 0.31 ug/L. This change is 
the result of a change in the amount of fish consumption that is assumed in 
calculating the effluent limit. I am anticipating the there will be an iron 
limit of 1 mg/1. 

There will need to be more discussion on what an appropriate monitoring 
frequency is for this discharge. My initial thoughts are that it will be most 
appropriate to have internal monitoring between the carbon columns as part of 
the monitoring program to more accurately determine when breakthrough occurs. 
This monitoring could be less frequent for the initial life of the column and 
more frequent as it approaches the anticipated breakthrough. The need for 
internal monitoring will decrease after the first two or three times that 
carbon coliimns have been switched. 

The final effluent monitoring will be more constant over the life of the permit. 
Vith potentially carcinogenic chemicals., chronic exposure is tyoically 
considered in setting any limitation. I am currently planning to require one 
HPLC test per month, with a quarterly average limitation instead of a 30-day 
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Mr. John C. Craun, P.E. 
Page 2 

average. Ve also vant to avoid gross exceedances of this limit, therefore a 
daily maximum will also be imposed that is somewhat higher than the quarterly 
average. 

As discussed., the schedule on page 6 of the report could be delayed due to 
requests for a public hearing. If a public hearing is granted., the delays could 
be extensive. 

# 
You may also vant to contact the Department of Natural Resources to insure that 
they do not have any permit requirements for the discharge of additional water 
to Minnehaha Creek. 

On page 41 of the Appendix there is a comment that the naphthalene 
concentrations in the influent tank varies somewhat. This is an understatement 
in that the concentrations in Table 5-5 on page 39 vary by an order of 
magnitude. There is a similar level of variability in the concentrations listed 
for the sand filtration effluent on page 40. Do you have any explanation for 
this variation? Considering the magnitude of the variation it may be more 
appropriate to use a more conservative design parameter than the average 
concentration for estimating the carbon exhaustion rates. 

I disagree with the conclusions that are reached on page 45 with respect to the 
carbon breakthrough. I believe that breakthrough occurred at week 17. Based on 
the use of the Freundlich equation with the parameters specified in the EPA 
Treatability Manual, EPA-600/2-82-001a, page 1.10.15-2, the carbon consumption 
can be estimated to be 0.189#/1000 gallons to achieve a final effluent 
concentration of 0.017 mg/L total PAH. This appears to agree with my 
interpretation of the data from the pilot study, since this carbon consumption 
rate would correspond to breakthrough at week 19. The variability in the 
naphthalene concentration could easily account for the sooner than expected 
breakthrough if the actual influent concentrations were slightly higher than the 
measured average. 

The discussion that the first column is still removing up to 90 percent of the 
influent naphthalene at week 30 does not mean that breakthrough has not occurred 
since the point of breakthrough is not the same as the point of carbon 
exhaustion. Please note the attached diagram which differentiates between the 
two events. 

I do not necessarily disagree that the first column should be left on line for 
some period of time after breakthrough occurs to more fully use the carbon. 
However,' it should be noted that the second column will begin to adsorb 
pollutants immediately after breaJcthrough, and will thus be used up faster than 
would be assumed if this were not taken intO' consideration. An appropriate 
operation and maintenance plan will be essential to the effectiveness of this 
treatment system. This plan should consider the implications of influent PAH 
concentrations that may be higher than the average recorded for the pilot study. 
It should also explain what will be done with the spent carbon. 



Mr. John C. Craun, P.E. 
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My general comnent on the plan is that it is not conservative enough in its 
estimation of the carbon exhaustion rates and that this may cause qperability 
problems later. You may vish to consider designing the system vith a third 
carbon column or alternatively designing the building such that an additional 
column can' be added later. This vould also provide additional assurance of 
adequate treatment. 

If you have questions or comments regarding any of the issues raised in this 
letter, please feel free to contact me at (612) 296-7355. 

Sincerely, 

David R. Nelson, P.E. 
Regulatory Compliance Section 
Division of Vater Quality 

DRN:ls 

Enclosure 

cc: ^Jlm^rube^ P.E. ̂J31 rector_pf Public Vorks, St. Louis Park 

M. GMgg", ENSR COTSutfing^mS^^^me^ng, St. Louis Park 



SUMMARY OF RESPONSES TO AGENOES' COMMENTS 

Plan For Discontinning the Sanitary Sewer Discharges 
at the Reillv Tar and Chemical Corporation 

N.P.L. Site in St Louis Park. Minnesota 

Responses to December 19, 1989 letter by Mr. David R. Nelson of the Minnesota 
Pollution Control Agency 

(NOTE: Responses are given in the same order as presented in the letter.) 

Page 1 • 11 2 

The second option for ceasing treatment has been eliminated and a 95 percent 
confidence interval will be used for determining whether effiuent limits are being 
met. 

Page 1 • H 3 

The report has been changed to reflect the lower total potentially carcinogenic PAH 
NPDES limit of 0i07 fig/L along with the previous limit of 0.31 /tg/L. 

Page 1 - If 4 and S 

Section 5.0 of the En^eering Evaluation Report (Attachment C) specifically 
addresses the issues raised and the changes recommended. 

Page 2 - If 1 

This comment is now mentioned as part of the discussion related to the schedule. 

Page 2 • If 2 

Even though there is some variation associated with naphthalene, the carbon 
colunm influent average value of 5411 /Ag/L does represent the mean loading 
applied, and thus should be representative. Using a hi^er value would only serve 
to make the carbon adsorptive capacity for naphthalene be higher than the cited 
value of 0.047 lb. naphthalene/lb. carbon. 



Page 2 • H 3 

This comment is noted. 

Page 2 IT 4 

Following the procedure outlined by Metcalf and Eddy along with U.S. EPA [2] 
isotherm data, an influent naphthalene concentration of 541 /ig/L applied at a 
flowrate of 140 gpm corresponds to a carbon consumption rate of 0.044 # 
carbon/lOOO gallons. This is. approximately half of the value of 0.096 # carbon/1000 
gallons based on treatability study results and much less than the value of 0;189 
# carbon/lOOO gallons cited in the MPCA's letter. Thus, the carbon usage rate 
cited in the Plan and naphthalene is valid. 

Page 2 . U S 

This issue has been clarified in the report. Specific reference should be given to 
Figure 6-3 in the TYeatabUity Study Report (Attachment B). 

Page 2 - H 6 

Section 5.0 of the Engineering Evaluation Report (Attachment Q specifically 
addresses these comments and details an operation and maintenance plan. 
Additionally, this section aliso states that spent carbon will be removed and 
regenerated by a contracted carbon supplier. 

Page 3 . H 1 

Based on the responses given under Page 2 - 11 4, it is felt that a third in-series 
carbon column is not required; 

REFERENCES 

[1] Metcalf & Eddy, Inc. Wastewater Engineering; Treatment/Disposal/Reuse. 2nd 
Edition, McGraw-Hill Book Company, New York, 1979. 

[2] U.S. EPA, Office of Research and Development, 'Treatment Manual - Volume 1, 
Treatability Data," U.S. EPA Document No. EPA-600/2-82-001a, U.S. Government 
Printing Office,. Washington, D.C., September, 1981. 



ATTACHMENT A-2 

FEBRUARY 22, 1990 LETTER BY MR. DARRYL OWENS 

OF THE U. S. EPA AND MS. JULIE SHORTRIDGE 

OF THE MPCA TO MR. JIM BRATINA OF REILLY; 

SUMMARY OF REDLLY'S COMMENTS TO LETTER 

ALSO INCLUDED. 



J\ Minnesota Pollution Control Agency 
520 Lafayette Road; Saint Paul, Minnesota 55155 SDSCP Telephone (612) 296-8300 

February 22, 1990 

Mr. Jim Brettina 
Reilly Industries 
1510 Market Square Center 
151 North Deleni«are Street 
Indianapolis, IN 46204 

Dear Mr. Brettina: 

Staff at the U.S. Environmental Protection Agency and Minnesota Pollution 
Control Agency (Agencies) have reviewed Reilly's plan for treating and 
discharging to siurface water effluent from Wells W23, W420 and W421, thereby 
discontinuing the present effluent discharges to the sanitary sewer system. The 
Agencies have the following ccnments on the plan. 

1) Water from Well W23 was not used' in the pilot study because of the 
difficulty in transporting water to the pilot unit. It was also concluded 
that since all three wells contained the same PAH's, the fact that Well W23 
VDuld not be tested was not significant. However, as noted in Table 4-3, an 
HPLC analysis of Well W23 indicated .57 ug/1 of potentially carcinogenic PAH 
while the other wells had no readings. Since Well W23 was not tested, can 
it be concluded that potentially carcinogenic PAH's would also be removed to 
the NPDES discharge limit? 

2) During the pilot stucfy several parameters were measured in order to provide 
adequate treatment. ^Ihese parameters have been modified in the full scale 
systan. It was unclear in the Report as to wi^ the parameters were 
modified. Please e:q)lain the following modifications: 

a) Table 3-3 i^jpendix B 
IJie dosage for in the pilot stut^ was measured to be 9.2 mg/1. 
Ohe calculated value for the full scale systan is to be 2.4 mg/1. Is 
the 2.4 mg/1 for the full scale systau' realistic in light of the fact 
that 9.2 mg/1 was required for aicfequate treatment in the pilot stud^? 

b) Table 3-3 i^spendix B 
The mesh size for the activated carbon systan in the pilot study was 
12x40 while the mesh size of the carbon systan in the full scale systan. 
will be 8x30. Please e:q>lain what inpact of this modification will be. 

C) The superficial flow rate in the pilot stxxty was measured at 2.9 , 
gpm/ft . The design for the full scale system is to be 4.95 gpm/€t . 
Will the modification impact the treatment of the activated carbon 
filter systan and also impact the time frame at vdiich the contaminants 
will break throu^ the carbon systan? 

Regional Offices: Oujuth * Brainetd • Detroit Lakes • Mlarshall • iRochester 
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i 
Vr. Jim Brettina 
Page IVio 

d) Appendix B Page 33 
Please clarify why the activated carbon units 1 and 2 axe shewn to be 
10,000 lbs/unit vMle previous ccnments in the Report indicate they will 
be 5,000 pounds per unit. 

ei) Appendix C Page 4 
The Oynasand system has a flow through rate of 39 gpm with an 8 gpm 
reject stream. Hie reject stream measured in this pilot stud^ Is 20% of 
the processed water. Why then on page 33, table 4-1 is an estimate of 
7% reject water used for the design? 

3) Hie following questions and ccmnents regard the operational, mode of the 
pressed' system. 

a) Please explain the operation mode of switching the flow to the lead 
carbon cell every 6 months and changing the carbon in the lead carbon 
cell every 10 months. 

b) Appendix B Fig. 4-1 
Hie piping system shown only allows parallel operation. Please indicate 
the mo^fications which will be done to allow series operation. 

c) Appendix B Fig. 4-1 
Seme mechanism should be used to allow flow to be diverted to the 
backwash system instead of discharging directly to the storm sewer.. 

d) In order to continue the pimp out ̂ tem during a ccnplete failure of 
the carbon treatment ̂ tem, pipe may be added to allow a bypass of the 
carbon system and disposal into the sanitary sewer system. 

e) Appendix B Page 32 
Please clarify vdiether the activated carbon columns will be qperated in 
series as stated on this page or in the parallel as shown in Fig. 4-1. 

f) Appendix B Page 33 
Hie in-line static mixer should be rated for 145 gpm to allow the 
backwash water of 5 gpn to be bled back into the system. 

g) Will the systan be operated on a constant flow basis to increase the 
life of the carbon filtration system? 

Hie AgeKies look forward to receiving a more detailed design for our review 
vAiich will include clarification of the above issues. 

Sincerely, 

Darryl Jiilie Shortridge 
Remedial Project Manager Project Manager 
U.S. Environmental Protection Agency Minnesota Pollution Control Agency 

cc: John' Smith, Retec 
Jim Gnibe, City of St. louis Park 

DO/kn 



n 
Responses to Februaiy 5, 1990 letter by Ms. Julib Shortridge of the MPCA to Mr. Jim 
Bratina of Reilly Industries, Inc. 

(NOTE: Responses appear in the same order as presented in the letter.): 

No. 1 

A sand filtration/activated carbon pilot system was set up to treat a flow 
proportioned side stream from wells W420 and W421 at the St. Louis Park site. 
Groundwater from well W23 was not included in the pilot program because it 
would have been too difBcult to transport water from the location of W23 to the 
location of W420/W421 where the pilot-scale unit was set up. This is not a 
significant issue since all three wells contain the same PAHs plus the fact that the 
respective chemical concentrations of W23 are generally an order of magnitude 
lower than W420 and W421. Thus, the worst case groundwater was tested during 
the pilot work. This contention is also valid in light of the fact that well W23 
groundwater analysis performed as part of the initial characterization work (See 
Table 4-3) did show detectable concentrations (by HPLC) of some individual 
Potentially Carcinogenic PAHs in the fraction of the part per billion (ppb) level 
while sample analysis from wells W420 and W421 did not show any detectable 
concentrations. It is felt that this very low level of Potentially Carcinogenic PAHs 
will be sufficiently removed by activated carbon treatment when 'W23 groundwater 
is treated jointly with groundwater from wells W420 and W421. Even though 
groundwater from well W23 was not used in the pilot-scale treatability work, it 
should be noted that the Potentially Carcinogenic PAHs, which are relatively 
insoluble compared to the other PAH compounds, are greatly adsorbed onto carbon 
to a much greater degree than the Other PAH compounds measured in wells W420 
and W421. This fact is supported by published isotherm data and theory [2]. Such 
references cite that of the St. Louis Park PAH list, carbon usage will be determined 
based upon naphthalene adsorption. Naphthalene is the PAH compound present 
in the highest concentration in all three wells and is also the PAH compound which 
is expected to first be detected in the carbon column effiuent with all of the other 
PAHs not being detectable. The Potentially Carcinogenic PAHs will be the very 
last to be detected in the effiuent if allowed. However, this is not expected to 
occur based upon the fact that a particular carbon coliurm will be replaced once 
it is exhausted for wther naphthalene or phenolics, which ever occurs first. 
Exhaustion is defined as where the effluent concentration equals the influent 
concentration. Additionally, once W23 groundwater is added to flows from' W420 
and W421, the total Potentially Carcinogenic PAH concentration in the combined 
flow will be near 0.024 /tg/L as cited in Table 4-7 of the Treatability Study Report 
(Attachment B). This is below the anticipated permit requirement range of 0.07 
to 0.31 /ig/L average. Thus, the fact that W23 groundwater was not used in the 
pilot work should not be an issue. 



No. 2a 

This was an error in the report. The dosage of KMnO^ used in the pilot study was 
3.1 mg/L which corresponds to a KMnO/.Fe dose of 1.16 mg:l mg and a 
KMnO^:Mn dose of 2.16 mg:l mg. These ratios are very close to the 1:1 and 2:1 
ratios respectively used for Fe and Mn in the full-scale design. 

No. 26 

Even thougih the available adsorptive surface area for these two mesh sizes are 
basically the same, the full-scale system will use 12 x 40 mesh size as was used in 
the pilot work. 

No. 2c 

The difference m superficial flowrates between that used in the pilot-scale work was 
that proposed for the full-scale design should not impact the carbon usage projected 
for the full-scale system. This is because of the fact .that the first in-series pilot-
scale carbon column on which carbon usage estimates are based operated at an 
empty bed contact time (EBCT) of 7.5 minutes. This is the dame EBCT designed 
for each of the two column in the full-scale system. Stated another way, the first 
in-series pilot-scale column has a carbon bed depth of three feet and the full-scale 
first in-series column will have a carbon bed depth of five feet Thus, the 
difference in hydraulic loadings is off-set by the difference in bed depths in terms 
of affecting carbon usage. 

No. 2d 

This was an error, the full-scale carbon process will be comprised of two (2) 5,000 
lb. carbon units operated in-series. 

No. 2e 

At an influent fiowrate of approximately 39 gpm, the backwash flowrate is 
approximately 8 gpm, or approximately 21 percent of the applied flow. For a fuU-
sc^e process treating 140 gpm, the backwash flow would be approximately 10 gpm, 
or 7 percent of the applied flow. The reason for these two different backwash 
flowrates being approximately the same with different applied flowrates is because 
the backwashing mechanism in any DynaSand filter iis basically the same, regardless 
of unit size, and will require approximately the same backwash rate. 



No. 3a 

This is a misunderstanding. Switching the flbw pattern will be done concurrently 
with changing of a carbon column so that the most recently replaced carbon is in 
the second in-series column. This will insure that the Snail colunm has adequate 
adsorptive capacity for polishing purposes. 

No. 3b 

Figure 4-1 of the Engineering Evaluation Report (Attachment C) has been changed 
to show series operation along with the capabili^ of switching flow direction. It 
should be noted that Figure 4-1 is not intended to serve as a process & 
instrumentation diagram (P&ID) but rather as a conceptual schematic. Some of 
the comments infer that the reviewers may view Figure 4-1 as a P&ID drawing. 
Such detail will' be given in the process design report. 

No. 3c 

Figure 4-1 of the Engineering Evaluation Report (Attachment C) has been changed 
to show this. 

No. 3d 

This recommended change has been implemented with emergency by-passing of 
either the chemical oxidation/sand filtration process or the carbon adsorption 
process into the sanitary sewer available. 

No.3e 

The carbon adsorption process will be operated in series. 

No.3f 

The in-line static mixer will be rated for 145 gpm. 

No.3g 

Baring upset conditions or backwashing of the carbon process, it is anticipated that 
the treatment system will be operated continuously. 
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EXECUTIVE SUMMARY 

Remediation Technologies, Inc. (ReTeC) has been contracted by Reilly Industries, 
Inc. (Reilly) to evaluate activated carbon column treatment of pumped groundwaters from 
a former wood treating and coal tar refining site located in St. Louis Park, Minnesota, 
which is a superfund site. A Remedial Action Plan (RAP) embodied within a Consent 
Decree (CD) among Reilly, the City of St. Louis Park (City), the Minnesota Pollution 
Control Agency (MPCA) and the U.S. Environmental Protection Agency (U.S. EPA) 
provides requirements for remedial action of site groundwaters. 

As part of an agreement between Reilly and the City, which is a part of the 
Consent Decree, Reilly must, by September, 1990, provide sufficient treatment of three 
separate source and gradient control well discharges to permit their routing to storm 
sewers which ultimately discharge into Minnehaha Creek. These three weUs are designated 
as W23, W420, and W421. Presently, these well discharges are being routed into the 
Minneapolis/St. Paul Metropolitan sanitary sewer system without any treatment. For 
storm sewer discharge, specific water quality limits to comply with National Pollution 
Discharge Elimination System (NPDES) permitting requirements are proposed in the 
Consent Decree. Site chemicals-of-interest given focused attention in these requirements 
are phenolics (4-AAP) and thirty specified polynuclear aromatic hydrocarbons (PAHs) 
previously identified with the site groundwaters. 

Activated carbon treatment is the method of choice for the well discharges. Even 
though activated carbon is a proven and generally accepted technology for treatment of 
site groundwaters, treatability testing was' performed to provide information to evaluate 
certain outstanding technical and economic issues. Technical issues related to: (i) 
determining the need for iron and manganese removal via a pretreatment process, (ii) the 
extent to which site chemicals-of-interest are removed by the treatment system, (iii) 
identifying any potential operational issues associated with extended treatment, and (iv) 
identifying any additional control processes (e.g., pH control and backwash tanks) which 
may be needed. Economic issues relate to engineering design optimization of the 
treatment system in terms of associated capital and Oi&M costs. Such information relates 
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to: (i) generating, representative carbon exhaustion rates, (ii), quantifying required empty 
bed contact times (EBCT), (iii) quantifying dosages of treatment chemicals if required, and 
(iv) establishing proper hydraulic loading rates. 

To answer these questions, laboratory and on-site pilot-site testing was performed. 
The laboratory work was performed from December, 1988, through February, 1989, and 
focused on further groundwater characterization and: pretreatment testing for iron and 
manganese reduction. Based on this preliminary work, it was determined that iron and 
manganese removal was needed and represented a very important design step prior to 
activated carbon column treatment. This is because it is highly likely that reduced iron 
and manganese species will be chemically oxidized in the activated carbon treatment 
system and precipitate out of solution, thus, fouling and plugging the carbon column. The 
reduced iron could also be microbially oxidized resulting in bacterial build-up within the 
column as well as iron precipitation. In addition to preventing plugging of the carbon 
columns, the total iron and manganese groundwater concentrations may require reductions 
to anticipated NFDES levels below 1 mg/L. 

Based on the laboratory testing results performed; an onsite pilot-scale treatment 
system was designed, constructed and operated. The unit was operated from March 28, 
1989, through October 17, 1989, and consists of the following sequential process 
components: 

• Chemical oxidation with potassium permanganate, 
• Anthracite/sand filtration via a downflow packed bed column, and 
• Activated carbon column treatment via three downflow packed bed 

columns arranged in-series. 

The potassium permanganate (KMnO^) chemical oxidation/sand filtration 
pretreatment step proved to be very effective in reducing total' iron and total manganese 
groundwater concentrations from above 1 mg/L to below 0.2 mg/L and 0i3 mg/L, 
respectively. Following this pretreatment step, activated carbon column treatment work 
quite well in terms of organics removal both technically and economically. In terms of 
NPDES permitting considerations, pilot-scale test results indicate that the final effiuent 
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from a full-scale treatment system, comprised of sand filtration pretreatment and activated 
carbon treatment, should generally contain non-detectable PAHs at a reporting limit of 
0.01 ug/L, less than 0.5 mg/L iron and manganese, non-detectable nutrients, a pH between 
6 to 9, and near non-detectable conventional parameter (e.g., TOC, BODj) 
concentrations. Regarding economic issues, preliminary data puts carbon usage for the 
pilot unit somewhere between 0.096 and 0.133 lb. of carbon/1,000 gallons treated. The 
0.096 usage rate corresponds to week 30 of operation and the 0.133 usage rate 
corresponds to week 22 of operation. 

The results of the treatability work will serve as the primary engineering design of 
the full-scale treatment system. Specifics of the treatability work performed are 
documented in the following treatability report with the full-rscale conceptual engineering 
design presented in an associated report. 

This report incorporates comments received fi-om the U.S. EPA and the MPLA to 
a draft report issued in November, 1989. 
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1.0 INTRODUCTION 

Reilly Industries, Inc. (Reilly) contracted with Remediation Technologies Inc. 
(ReTeC) of Pittsburgh, PA to perform an engineering evaluation of alternative treatment 
systems for pumped groundwaters at a former wood treating and coal tar refining site 
located in St. Louis Park, Minnesota, which iis a superfund site. A Remedial Action Plan 
(RAP) embodied within a Consent Decree (CD) among Reilly, the City of St. Louis Park 
(City), the Minnesota Pollution Control Agency (MPCA) and the U.S. Environmental 
Protection Agency (U.S. EPA) provides specific requirements for remedial action of site 
groundwaters. 

The treatability work performed involved both laboratory bench-scale testing and 
on-site pilot-scale testing of sand filtration pretreatment followed by activated carbon 
column treatment. The sand filtration pretreatment step also involved chemical oxidation 
and subsequent precipitation of reduced iron and manganese prior to sand filtration. 
Such pretreatment was needed due to the fact that it is highly likely that reduced iron and 
manganese species will have been chemically oxidized and precipitated out of solution, 
thus, plugging the carbon column. The reduced iron could have also been microbially 
oxidized resulting in bacterial build-up within the column as well as resulting in iron 
precipitation. In addition to preventing plugging of the carbon column, the total' iron and 
manganese groundwater concentrations may require reduction to anticipated NPDES levels 
below 1 mg/L. This work was performed to provide information to evaluate both the 
technical and economic issues associated with sand filtration/activated carbon treatment of 
pumped groundwaters for removal of coal tar related chemicals-of-interest (e.g., 
polynuclear aromatic hydrocarbons). Technical issues relate to determining the extent to 
which the various chemicals-of-interest are removed by the treatment system, albng with 
evaluating potential operational issues associated with extended treatment such as column 
short circuiting, plugging and backwashing needs. Economic issues relate to generating 
engineering design information needed to optimize the treatment system in terms of cost 
considerations. Such information includes determining: (i) representative carbon 
exhaustion rates for the various chemicals-of-interest, (ii) proper hydraulic loading rates, 
and (iii) if any need exists for any ancillary equipment (e.g., pH control). 
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On the basis of the information presented in this report, it is concluded that a 
system comprised of sand filtration, in conjunction with potassium permanganate chemical 
oxidation, followed by activated carbon column treatment represents both a technically 
feasible and economically efficient solution for treatment of pumped groundwaters at the 
Reilly Industries, Inc. St. Louis Park site. 

Specific areas related to the treatability work are addressed in the following 
respective sections. Section 2.0 provides background information associated with the 
project. Section 3.0 provides an overview of the treatability work performed. Section 
4.0 details the procedures and results associated with the laboratory treatability work 
performed, and Section 5.0 does the same with regard to the onsite pilot-scale testing. 
Section 6.0 discusses the treatability testing results in terms of permitting and engineering 
design issues, and Section 7.0 presents the summary and conclusions. Results of the raw 
analytical data are given in the Appendices with respective statistical summaries of the 
data given in the text. 

This document serves as a complimentary report to a conceptual design engineering 
report [1] and the State of Minnesota National Pollutant Discharge Elimination System 
(NPDES) permit application [2] prepared as part of the overall project related to 
implementing a system for treatment of source control well discharges at the St. Louis 
Park site. 
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2.0 BACKGROUND 

The St. Louis Park, Minnesota site is a former wood treating and coal tar refining 
plant site previously owned and operated by Reilly Industries, Inc. (Reilly). Reilly is 
complying with various remedial action requirements for the site, which is a Superfund 
site. Under the terms of the RAP; Reilly installed five source and gradient control wells 
in 1987. These wells are now being operated by the City with discharges routed to 
sanitary sewers. 

Under a separate agreement that is part of a Consent Decree (CD), Reilly has 
agreed with the City to provide sufficient treatment of the source and gradient control 
well' discharges to permit their routing to storm sewers by September, 1990. Presently, 
five source and gradient control wells (W23, W1G5, W420, W421, W422) are being 
pumped into the Miimeapolis/St. Paul Metropolitan sanitary sewer system without any 
treatment. Reilly anticipates discharge of well W422 effluent will be treated in 
conjunction with an adjacent St. Peter aquifer groundwater treatment system which will 
be installed by the City. Because of the relatively good and improving water quality of 
well W105, it is anticipated that pumping will be discontinued. As such, the focus of this 
study is on the remaining three wells (W23, W420, W421). Well W23 is located on 
Louisiana Avenue in a pumphouse located at the edge of an open park. Wells W420 and 
W421 are located in a single pumphouse situated in a light industrial area, approximately 
1200 feet south of well W23, at the intersection of Louisiana Avenue and West Lake 
Street. The RAP specifies that W23 must pump 50 gpm for the Prairie du Chein/Jordon 
aquifer, and wells W420 and W421 must each pump 25 gpm from the Drift and the 
Plhtterville aquifers, respectively. Subsequent aquifer testing has shown that W420 must 
pump 40 gpm [3]. 

Under the terms of the RAP and the CD, discharge from these three wells (W23, 
W420, and W421) will be routed to storm sewers which ultimately discharge into 
Minnehaha Creek. As such, specific water quality ilimits must be met to comply Avith 
National Pollution Discharge Elimination System (NPDES) permitting requirements. On 
this basis, Reilly is assuming that the NPDES discharge concentration limits suggested in 
the RAP will be the treatment levels which must be met. Table 2-1 lists these anticipated 
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TABLE 2-1 

AVERAGE BACKGROUND WATER QUALITY DATA OF WELL 

DISCHARGES 

PAKAMEiat TARGET. NPDES'OISCHARCB 
CONCENTRATIONS 

PRAIRIE DU CHEIN'IGRDAN 
WT3 sew DISCHAROB 

DRIFT 
W4T0 sew DISCHARGE 

PLATTBVILLB 
W43I sew DISCHARGE 

« AVG. iL93S U93S 'f AVG. L93* U93S '# AVG. L93X U9318 
(P.e.)'PAH.(uiyL) 

Quunliaa 0 ND ND ND 0 ND ND NOi !0 ND ND ND 
I 0.333 NA* NA* 0 ND ND INDI 0 ND ND ND 

1 Chtyonn I 0.2S3 NA* NA* 0 ND ND ND| :o ND ND ND 
I 0.034 NA* NA* 0 ND ND NDi |0 ND ND ND 
I 0.038 NA* •NA* 0 ND ND ND 'o ND ND ND 
0 ND ND ND 0 ND ND ND 10 ND ND ND 

Dibeo(o(o.h)oahioeen 0 ND ND ND 0 ND ND ND. ,0 ND ND ND 
BonKshDrniykoo 0 ND ND ND 0 ND ND ND 0 ND ND ND 

TOTAL DETECTABLE P.C. PAH NA 0.3l.(0.0D|b| I 0.370 NA* NA* 0 ND ND ND 0 ND ND ND 

OTHER PAH (ii|/L) 
2,3-BcDiafiiioa 4 9.3 0.0 13.9 7 4I.S 19.8 93.8 4 3.9 OJ 4.8 
XJ-DyhydioiBdona 9 32J 10.9 34.2 S .127.3 S9.4 193:I 8 I3S.0 100.0 139.0 
bdcao 9 IB.3 0.1 39J S 203.9 113.2 294.0 8 89.0 94.0 108.0 

10 99.1 23.2 109.0 9 I99I.8 1034.9 2388.9 9 300.4 410.2 390.7 
BoooCbWdoykooo 9 II.7 3.1 30J 7 .112.3 97:S 139.8 7 93.9 30.1 77.1 
ladob 0 ND ND ND 0 ND ND ND 0 ND ND ND 
2-MahylBiphGBlaoo 9 14.9 0.0 29.9 7 S7.4 37.9 137.3 3 1.9 0.0 3.9 

9 30.4 3.9 33.0 7 S4.9 30.9 118.8 7 27.3 19.9 33.0 
Biyhmyi 9 9.3 2.4 9.9 9 1S.9 11.7 33.3 3 3.3 IJ 3.4 
Aocmplohyleao 10 3.1 2.2 7.9 1 91.7 NA* NA* 1 44.2 NA* NA* 

10 30.7 13.1 3S.3 S 73.B 31.9 93.9 7 18.1 12.7 23.4 
Ditoioriiiaa 9 10.3 4J 19.9 7 27.0 IS.4 33.9 3 2.9 0.3 3.3 
nuOIBOO 10 14.4 9.9 19.1 1 21.7 14.0 39.4 3 3.7 2.2 3.2 

6 1.4 I.I 1.7 2 IR 0.0 3.4 1 100.0 NA* NA* 
10 I9.S lOJ 23.0 9 9.S 4.8 I4J 3 1.3 I.I 1.9 

Aahnooao to 2.2 IJ 2.9 0 ND ND ND 0 ND ND ND 
Actidtan 0 ND ND ND 0 ND ND ND 3 I.I 0.6 1.3 
Cubtoolo s 2.9 1.9 4.3 7 47.4 37J 37;4 7 19.9 12.1 21.9 

10 3.4 4.1 9.7 0 ND ND ND 0 ND ND ND , 
Fyieoo 10 4.4 3J' 3J 0 ND ND ND 0 ND ND ND 

0 ND ND NO 0 ND ND ND 0 ND ND ND 1 
Ponfkao 0 ND ND ND 0 ND ND ND 0 ND ND ND ; 

TOTAL DETECTABLE OTHER'PAH 34.0 17.0 10 334.9 103.9 393J. 9 2379.3 1480.9 3379.1 9 811.1 991.3 990.8 

OTHER PARAMETERS OB|/1) 

OilRGiaaoo , 3 NA* NA*' I 10 NA* NA* I 7 NA* NA* 1 
Flicaain(4-AAPI NA 0.010 1 0.010 NA* NA* s 0.230 0.089 0.370 7 O.OB7 0.024 0.049 . 
TSS I 2 -NA* NA* 1 9 NA* NA* I I NA* NA* 

NOTES: Taken rmTiU* 2-3 IB ihaEaiHi 
NA* - Nay 

NA - NaAppUaUa. 
ND - N«I 
(•] - Yaulr4 

Bt>EnlialiaaR«poil[Il. 
Ilaanlyan 

I oty bo Md la ptaoB of ihB 
30-d>ya«amta. 

(b| - PbtMPCAeenaBUIadnftTmibiiayRBpMiB 
19, 1989 

- Niolnrerdaaa 
IP 001111104 rwM 

AVG - Amioof leponodwhioo. 
LSSS- Looni9SS< 
U9SS- U|vci99SI 
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NPDES discharge requirements along with average concentrations of the respective 
parameters for the discharge from wells W23, W420, and W421. The parameters cited 
are those previously identified in the RAP to be representative of the site. The average 
values given are computed from past well monitoFing. data performed since 1987; the 
actual data used to compute the averages are given in the associated engineering report 
i[l]. Only detectable concentrations were used in computing the average values. The 
average values computed are cited along with their respective 95 percent confidence 
intervals (these intervals identify a range for which there is a 95 percent probability that 
the true means will fall within assuming a normal distribution of the data). The data in 
Table 2-1 indicate that all< three well discharges exceed some or all of the target permit 
conditions cited. The target NPDES discharge concentrations cited are recommended by 
the RAP. It is noteworthy that the limit of 0.31 /ig/L for Total Potentially Carcinogenic 
PAH may be further reduced to 0.07 /ig\L based on MPCA comments received for the 
November, 1989 treatability report. Specific permit conditions will have to be negotiated 
with MPCA through a permit application process. A more detailed discussion of NPDES 
discharge issues are provided in Section 6.3 and the permit application [2]. 

Table 2-2 presents the average flowrates and the respective upper and lower 95% 
confidence interval limits for the three wells in question. These values are based on 
average monthly values recorded since pumping began in 1987. The specific monthly 
values used are provided in the engineering report [1]. As cited, relatively little variation 
exists in terms of flowrates for the three respective wells. 

To help comply with the provisions of the RAP, Reilly contracted Remediation 
Technologies, Inc. (ReTeC) to perform an engineering evaluation of treatment options for 
the three source and gradient control well discharges. Given the previously discussed 
treatment objectives and historic groundwater quality data, ReTeC performed an 
engineering screening evaluation with biological fluidized bed, ozone/UV, hydrogen 
peroxideAJV and activated carbon treatment considered as potential options based on 
technical feasibility. This evaluation focused on: (i) combined treatment of W420/W421 
and single treatment of W23, and (ii) combined treatment of all three wells. In terms of 
economic considerations (i.e., capital and O&M costs), activated carbon treatment of all 
three wells combined offered the best alternative. On this basis, plus the fact that 
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TABLE 2-2 

AVERAGE FLOW FOR WELL DISCHARGES 

WELL AVERAGE MOlSnmY 
FLOWRATE fOPM^ 

LOWER 95% 
CONFIDENCE 
LIMIT (GPM) 

UPPER 95% 
CONFIDENCE 
UMTrrOPM) 

W23 56 51 60 

W420 40 37 43 

• W421 31 28 34 

NOTE: SEE ENGINEERING REPORT [1] FOR ACTUAL DATA. 
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activated carbon treatment is a proven and generally accepted technolo^, ReTeC 
proceeded with laboratory and onsite pilot-scale testing to generate site-specific 
engineering design data for full-scale implementation of activated carbon treatment and 
to generate the data necessary to address NPDES permitting issues. 

The remaining sections of this report present the procedures and results of the 
treatability work performed. 
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3.0 STUDY OVERVIEW 

This section presents an overview of the treatability work performed, the project 
persoimel involved, the related analytical testing done, and the Quality Assurance/Quality 
Control (QA/QC) procedures followed. 

3.1 TREATABXLITY STUDIES 

The treatability work performed involved both laboratory and onsite pilot-scale 
testing. Table 3-1 provides a chronological summary of the specific work carried out. As 
indicated, work was begun in November, 1988, with an initial site visit for groundwater 
characterization purposes. 

Preparatory work was carried out prior to implementing the onsite column work. 
This preparatory work involved laboratory testing to examine various pretreatment 
schemes for removal of reduced iron and manganese. If not removed, iron and 
manganese precipitation could cause fouling and plugging of the carbon columns. Once 
a pretreatment scheme was decided upon, sufficient volume was pretreated and sent to 
Calgon Carbon Corporation for micro-scale accelerated column testing (ACT) evaluation. 

Following laboratory testing, an onsite pilot-scale sand filtration/activated carbon 
unit was set-up and operated to demonstrate the technical feasibility and economic 
viability of such a system for treatment of the St. Louis Park site pumped groundwaters. 
Data generated from this onsite work will also be used for engineering design optimization 
and NPDES permitting issues. The onsite pilot-scale carbon column was started on 
March 28, 1989 and operated through October 17, 1989. It was originally estimated that 
the unit would achieve exhaustion in June, 1989. However, due to lower than anticipated 
carbon column exhaustion, operation was continued until October 17,1989. Operation of 
the pilot-scale unit through October provides additional data supporting sand 
filtration/activated carbon colunm treatment of the pumped site groundwaters. 
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TABLE 3-1 

TREATABILITY TESTING CHRONOLOGICAL OVERVIEW 

ACTIVITY DATE OR TIME 
PERIOD 

PURPOSE 

1. Initial Site Visit November, 1988 To become familiar with the site and to 
collect grab samples for well 
characterization and laboratory testing. 

2. Laboratory Pretreatment December. 1988 
Evaluation Testing thru 

January, 1989 

To evaluate pretreatment of the site 
groundwaters for reduced iron and 
manganese removal in conjunction with 
collection and analyses of additional site 
groundwater samples. 

3. Caigon ACT Evaluation 
Testing 

December 5, 1988 
thru 

May 12, 1989 
(Report Provided) 

To evaluate activated' carbon treatment 
of a pretreated groundwater sample 
using Calgon's ACT procedure. 

4. Pilot-Scale Activated 
Carbon Column Unit 
Construction 

February, 1989 
thru 

March, 1989 

To design, procure equipment and 
construct the pilot-scale carbon unit to 
be operated onsite. 

5. Piiot-Scaie Carbon Column March 28, 1989 
Operation thm 

October, 1989 

To set-up; operate and monitorthe pilot-
scale carbon unit. 

6. Draft Report September, 1989 
thru 

November, 1989 

To compile data and report procedures 
and results of the pilot-scale unit 
operation. 

7. Final Report March, 1990 To incorporate MPCA wd U.S. EPA 
comments. 

lYeatabni^ Stnity Report for Tkeatment of 
Pumped Gioundwateis at St. Louis Park, Minnesota 

Page - 9 



3.2 PROJECT PERSONNEL 

Pnmaiy treatability and engineering efforts for the laboratory and pilot scale work 
iperformed for this project were performed by ReTeC's Pittsburgh OfBce personnel. Dr. 
John R. Smith was Project Manager. The primary project scientists associated with the 
treatability testing were Mr. Paul Chavez and Mr. Robin Weightman. 

With the exception of Calgon's ACT work, all laboratory treatability testing was 
performed by ReTeC personnel. ReTeC was also responsible for design, construction and 
set-up of the pilot-scale unit. After an initial training period, St. Louis Park personnel 
operated and monitored the unit with supervision provided by ReTeC personnel. 

All associated analyses was performed by contract laboratories as cited in the next 
sub-section. 

33 ANALYnCAL TESTING 

Table 3-2 lists the analytical parameter categories monitored during both the 
laboratory and onsite pilot-scale studies. This specific parameter category list was used 
so that the proper information would be obtained related to both evaluation of the 
treatment system for engineering design purposes and NPDES permitting considerations. 
The specific analytical parameters associated with the different categories are given in 
Appendix A along with the methodis used and the respective method detection limits. 

Also cited in Table 3-2 are the respective analytical laboratories which performed 
the analyses. Keystone Environmental Resources, Inc. (KER) located in Monroeville, 
Pennsylvania, performed all' analyses related to conventional parameter metals, nutrients, 
polynuclear aromatic hydrocarbons (PAHs) by HPLC and priority pollutants. Rocky 
Mountain Analytical Laboratory (RMAL), located in Arvada, Colorado, tested for the 
PAHs presently being analyzed in the well discharges by the City of St Louis Park (SLP) 
on a quarterly basis; this specific PAH list will be identified in this report as the SLP-
PAH Ust. 
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TABLE 3-2 

ANALYTICAL PARAMETER CATEGORIES 

CATEGORY ANALYTICAL LABORATORY 

Conventional KER 

Metals KER 

Nutrients KER 

SLP-PAH List (GC/MS) RMAL 

PAH by HPLC KER 

Priority Pollutants KER 

NOTE: KER - Keystone EnviFonmental Resources, Inc. Laboratory 
RMAL - Rocky Mountain Analytical Laboratory 

See Appendix A for list of specific analytical parameters, 
analytical methods used and method detection limits. 
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All analytical results associated' with the treatability work performed as generated 
by the contract laboratories are provided as Appendix B. 

3.4 QA/QC PROCEDURES 

Quality Assurance/Quality Control (QA/QC) procedures were followed with regard 
to: (i) samplb collection, shipment and storage; and (ii) sample analyses. 

For the samplb collection, shipment and storage, ReTeC's Standard Operating 
Procedure (SOP No. 507) was followed; This involved overnight shipment for all 
treatability samples and analytical samples along with following proper chain-of-custody 
procedures. A copy of the SOP is provided as Appendix C. 

Analytical' QA/QC procedures entailed analyzing for various chemical parameters 
in distilled water blanks during selected' sampling events. The distilled water was 
transferred into similar sample containers used for the treatability samples. This 
procedure checked for contamination of the sample containers supplied by the respective 
analytical laboratories as well as for any cross-contamination associated with the analytical 
testing equipment. In addition, both KER and RMAL use in-house QA/QC procedures 
cited by the U.S. EPA. This involves routinely running blanks, spikes and duplicates along 
with regular laboratory samples submitted for analyses. 
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4.0 LABORATORY TESTING 

Laboratoiy testing of the three groundwater well discharges i(W23, W420, W421) 
was first performed to provide input into the design of the onsite pilot-scale treatability 
study. The work carried out focused on: (i) initial characterization of the groundwater 
well dischargesj (ii) pretreatment evaluation, and (iii) ACT evaluation by Calgon. 
Detailed procedures and results of these three activities are presented in this section. 

4.1 INITIAL CHARACTERIZATION 

Procedures 

Grab samples were collected from discharges at wells W23, W420, and W421 on 
November 30, 1988, and again on December 28, 1988. The November 30 samples were 
submitted to RMAL for analysis of the SLP-PAH list, and to K£R for conventional, 
nutrients, and metals analyses. These analyses were done so as to provide data for 
parameters other than the SLP-PAH list. On December 28, split samples were collected 
in conjunction with the quarterly monitoring performed by the City of St. Louis Park for 
the SLP-PAH list. The additional split samples collected were sent to KER for PAH 
analysis by HPLC. This was done so that a comparison could be made in terms of the 
SLP-PAHs by GC/MS and PAHs by HPLC 

Results and Discussion 

Results of the November 30 sampling are given in Table 4-1 for the 'RMAL results 
and Table 4-2 for the KER results. For the SLP-PAH list. Table 4-1 gives that the 
reporting limit (Le., method detection limits) for W23 is 1 ug/L, and ICQ ug/L for W420 
and W421. These quantifiable detection limits are much higher than requested limit of 
0.01 ug/L requested of RMAL due to interferences encountered during the analysis^ This 
low a detection limit was needed to properly evaluate the well PAH concentrations in 
terms of the target NPDES permit levels previously cited in Table 2-1. Due to these 
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TABLE 4-1 

CHARACTERIZATION RESULTS FOR SLP-PAH LIST 

PARAMETER 1 WELI. DISCHARGE 

W23 ! W420 W42I 

Repelling Unit (ttglL) V.0 too 100 

WTENTIALLY CARCINOGENIC 
(P.C.) PAH (ug/L): 

— QuiaoUna NO ND ND 
— ND ND ND 

— ChipMo* ND ND ND 
- ND ND ND 
- BcnzeOOiluonntbm NO ND ; 1 I'D 
T- ND ND j 1 NO 1 

lBdaiQ(l,2.}-c.d)p]n«aa ND 1 ; ND ND 
ND ND ND 

Bcan(g,h,Opafylcna ND ND ND 

' TouliOcteeiriila P.C. PAH 0 0. 0 

OTHER'PAH.(uga.): 

2;3'BcmoAinn ND ND ND 
1.6 130 170 

Indcoo 1 2.3 120 140 
16.0 300 600 

BcnsD(b)lhiophcaa 3.S ND 1 ND 
lodola ND 1 NO 1 .ND 

2.4 ND ND 
6.0 ND ND 

' Blpheopl Zl ND ND 
1.7 ND ND 

Aenaipbheaa 9.3 ND ND 
4.7 ND ND 

'Fluofcda 73 ND ND 
ND NO ND 

— S.3 ND ND 
AuhiaeoM 1.1 ND ND 
AoUlm ND ND ND 
Ciibawla 13 ND 1 1 ND 

•* 2.9 1 1 ND ND 
Pynan 23 ND <ND I 

1 BcnBe(e)p]nas ND ND> 'ND ! 
: Paiyl» ND ND ND 

TelUDclKlible Other PAH U.7 730 910 
NMK AHlynibirllMAL 

NDi.iNot OMMlibIs la of npontni Ua 
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TABLE 4-2 

INmAL CHARACTERIZATION RESULTS OF CONVENTIONAL/ 

METAL/NiUTRIENT ANALYSES 

|l PARAMETER 1 
1 U23 

WELL DISCHARGE 
1 W420 \ 

1 
U421 1 

1 CONVENTIONAL (mg/L) 
1 
1 

1 1 
1 1 
1 1 

1 
1 

1 Phenol ICS (4-AAP) 
1 
1 0.006 

1 1 
1 0.033 1 

1 
0.039 1 

1' pH (units) 1 7.4 1 7.1 1 7.2 I 
I, Total Dissolved Solids 1 342 1 ^ 1 556 1 
|, Total Suspended Solids 1 8.77 1 10-0 1 6.00 I 
|, Fixed Suspented Sol.ids 1 8.77 1 7.00 1 3.00 I 
II Volatile Suspended Solids 1 <1.00 1 3.00 1 3.00 1 
1' Chenicel Oxygen Deniand 1 50.0 1 <10.0 1 16.0 I 
1 Total Organic Carbon 1 3.65 1 6-S3 1 6.86 I 
|{ Oi l and Grease 1 <6.00 1 <5.00 1 

1 1 

<5.00 I 
1 

j: METALS (ing/L) 
1 
1 
1 

1 1 
1 1 
1 1 

1 
1 
1 

|i Iron-Total 
1 
1 1.310 

1 1 
1 2.320 1 

1 
1.310 1 

|i Iron-Ferrous 1 0.129 1 0.148 1 2.820 1 
1 Mangenese-Total 1 0.082 

1 
j. 0.466 1 
1 1 

0.287 1 
1 

1 NUTRIENTS (ing/L) 
1 
1 
1 

1' 1 
1 1 
1' 1 

1 
1 

|, Ortho-Phosphate as P 
1 
1 <0.100 

1 J 
1 <0.100 1 

1 
<0.100 1 

1 Anmonia as N 1 <1.00 1 <1.00 1 <1.00 1 
1 Nitrate as N 1 <0.020 1' <0.020 1 <0.020> I 
1 Nitrite as N 1 <0.020 I, <0.020 1 

1 II 
<0.020 1 

1 

Note: Analyses fay KER. 
< • Represents less than detectable concentrations. 
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relatively high reporting values, PAHs were only detected for the noncarcinogenic category 
with no interpretation able to be made for the potentially carcinogenic PAH category. 
Nevertheless, the results do substantiate that all three well discharges will require 
treatment based on exceedence of the target NPDES permit concentrations for 
noncarcinogenic PAHs. The Total Other PAH concentrations cited for respective wells 
W23 and W420 are much lower than the average values previously cited in Table 2-1; 
Total Detectable Other PAH concentration for W421 are similar to previous results. 

The data given in Table 4-2 show that wells W420 and W421 are above the target 
NPDES permit level for phenolics. Otherwise, these well discharges do not appear to be 
heavily contaminated with conventional pollutant parameters. As expected, no nutrients 
were detected. Metal results show that iron is present in the groundwaters at 
concentrations that may cause fouling problems with activated carbon column treatment 
(i.e., >1 mg/L Fe). For this reason, laboratory work was carried out evaluating iron 
removal, firom the three well discharges in question. 

Table 4-3 gives the results of the December 28 sampling event. As cited, results 
are provided for the respective split samples analyzed by both GC/MS and HPLC 
methods. The GC/MS method was done as part of the City's quarterly monitoring and 
the HPLC method was done as part of ReTeC's treatability testing. While certain 
discrepancies are noted, in general there is good agreement between the two analytical 
methods for respective parameters. This is especially the case for naphthalene, which is 
the PAH present at the highest concentration in aU three well samples. The reason why 
the GC/MS results for Total Detectable Other PAH are consistently higher than the 
HPLC results is because 30 PAHs were analyzed by GC/MS with only 9 being analyzed 
by HPLC. The general agreement between the two methods for individual PAH 
compounds is significant because it supports the use of PAH analysis by HPLC as a less 
expensive alternative for following carbon breakthrough of the more soluble and less 
adsorbable PAHs (e.g., naphthalene) as needed for engineering design and operational 
monitoring purposes. This is what was done for the onsite pilot-scale treatability testing 
program performed. Further discussion of this issue is given in Section 6.1. 
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TABLE 4-3 

INITIAL CHARACTERIZATION RESULTS FOR PAH COMPARISON 

BY HPLC AND GC/MS 

PARAMETER 

POTENTIALLY CARClNOGENfC 
(PC.)IPAH'(uia.): 

QuIaaUoa 
BomKalHiihnGciis 
Chiyicm 
Bciuo(b)iliioniithaic 
Baiia(k)aiionnlhcna 
B(iBa(«)prRBa 
Indaa(l.2.3-od)nrrei 
Dibcno(aJi)« 
Ba»)(gJi,i)l»yl<R* 

Total Octacnblo P.C. PAH 

OTHER PAH (ugO.): 

2.3 
2.3-DIb 

DibcnoXbllhiophata 

2-Ma 
l-Mtalvbta|ria 
Blphovl 
Aeoiphllvla 

DibcBBiAina. 
Fliioiaio 

Phoiuuhr 

Acndloo 

o(o)p»» 

Total OctacttbUOdur PAH 

WELLWM 
HPLC COMS 

NA 
0.23S 
0.2S3 
0.024 

<0020 
0.028 

<0.030 
<0.030 
<0.030 

<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 

0.57 

NA 
NA 
NA 
28:8 
NA 
NA 
NA 
NA 
NA 
13.2 
21.4 
NA 
9.28 
NA 
9.92 
1.83 
NA 

^6^ 
148 
100 
NA 
NA 

<10.0 
110 
IS 

34.0 
4.4 

<10.0 
3.4 
7.7 
19 
14 

110 
110 
9.8 
1.2 

110 
1.6 

<10.0' 
12 
5.2 
4.4 

<10.0 
<10.0 

93.5 130 

WEmiW420 
HPLC GC/MS 

NA 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.030 
<0.030 

<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 

NA 
NA 
NA 
626 
NA 
NA 
NA 
NA 
NA 

61.7 
34.1 
NA 

6.82 
NA 

3:41 
<OJOO 

NA 
INT 

<0.200 
<0.200 

NA 
NA 

96 
130.0 
740 

730.0 
71.0 

<10.0 
13:0 
37.0 
6.4 

<10.0 
33.0 
6.8 
6.8 

<10.0 
3J 

<10.0 
<10.0 

27.0 
<10.0 
<10.0 
<10.0 
<10.0 

732.0 1148 

Non: CCAiSAulytaibyRMAU 
HPLCAaalyxbyXER. 
NA -'bdlcMHi 
INT-bdlotailaai 
< -Rcnaotale 

WELLW421 
HPLC GOMS 

NA 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.050 
<0.030 
<0.030 

<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 
<10.0 

NA 
NA 
NA 
424 
NA 
NA 
NA 
NA 
NA 

44.2 
12.6 
NA 

2.90 
NA 

1.22 
<OJOO 

NA 
INT 

<0.200 
<0.200 

NA 
NA 

1.8 
180.0 
75.0 

670.0 
80.0 

<10.0 
1.3 

36.0 
4.1 

<10.0' 
25.0 

3.7 
4.2' 

<10.01 
1.4 

<10.0 
1.1 

23.0 
<10.0 
<10.0 
<10.0 
<10.0 

484:9 M07 

Fouith Quutar (28-DEC-88)'manltoilng iplit iupla of wcOiTO. W420, ud W421. 
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4.2 PRETREATMENT EVALUATION 

Procedures 

LaboFatory pretreatment evaluation work focused on tbe removal of iron and 
manganese from groundwater composite samples via chemical oxidation and sand 
filtration. Testing was performed on flow proportioned composite samples of wells 
W23/W420/W421 and W420/W421. Visual inspection and initial characterization results 
of the groundwater indicated that soluble iron and manganese were present in the well 
water at levels which could foul or plug an activated carbon system. Laboratory testing 
was performed to evaluate and optimize iron and manganese removal via chemical 
oxidation and filtration. 

Various chemical oxidants were first evaluated. These included hydrogen peroxide 
(H2O2), potassium permangate (KMnO^), and compressed air. These oxidants were 
tested in terms of their capability to oxidize reduced and soluble iron and manganese to 
a state where they would precipitate out of solution. This evaluation included optimizing 
chemical dosage, pH, and reaction time to achieve maximum precipitation based on visual 
observation of precipitate formed. Once precipitated, the iron and/or manganese can be 
removed via sand filtration. Visual observations suggested that potassium permanganate 
would provide the maximum oxidation at the lowest dosage with no pH adjustment 
needed. 

To evaluate the effectiveness of KMnO^ oxidation followed by sand filtration, 
bench-scale filtration testing was performed on a flow proportioned composite sample 
from wells W420/W421. These two well composite samples were used to simulate the 
combined groundwater which would be treated in the onsite pilot-scale carbon column 
unit. The flow proportioned sample was dosed with potassium permanganate at a level 
of 1 mg KMnO^ per mg iron and 2 mg KMnO;^ per mg manganese to cause oxidation 
and precipitation of the soluble iron and manganese. The potassium permanganate was 
allowed to react for five minutes before filtering. The sample was then pumped to a 2-
inch diameter colunm of filtration media and allowed to flow by gravity at a rate of 
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approximately 600 ml/min (this corresponds to a hydraulic loading of approximately 6.9 
gpm/sq. ft of filter surface area). 

Various combinations of different filtration media were evaluated. The different 
filtration media tested included general purpose sand, anthracite, and "FenoSand". The 
general purpose sand was sized and washed, and is considered chemically inert. The 
anthracite filtration media was washed and sized anthracitic coal. "FerroSand" is 
processed glauconitic greensand; it is also chemically active for the oxidation of soluble 
iron and manganese in conjunction with KMnO^. The uniformity coefficients and the 
effective sizes of the three different media types tested are given in Table 4-4. These 
three media types tested are all within acceptable ranges recommended by Metcalf & 
Eddy [4] for gravity downflow sand filters. 

Four separate sand filtration runs were performed using the following four 
combinations of filter media: 

1. Twelve (12) inches of general purpose sand. 
2. Dual media consisting of 12 inches of anthracite on top of 12 

inches of general purpose sand. 
3. Twelve (12) inches of "FerroSand". 
4. Dual media consisting of 12 inches of anthracite on top of 12 

inches of "FerroSand". 

An unfiltered well composite sample along with filtered samples for each filtration run 
were analyzed for iron, manganese and total dissolved solids (TDS) by KER. The same 
samples were also tested for pH and conductivity by ReTeC personnel at the time of 
testing. 
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TABLE 4-4 

FILTRATION MEDIA CHARACTERIZATION SUMMARY 

ftAL PURPOSE SAND 

Uniformity Coefficient (dgg/d^o) = 1.53 
Effective Size (d^g) » 0.47 mm 

(Data obtained from sieve analysis performed by ReTeQ 

ANTHRACTIE 

Uniformity Coefficient (dgg/d^o) s 1.70 
Effective Size (d^g) = 0:9 mm 

(Data supplied by Carbonite Corporation) 

FertoSand 

Uniformity Coefficient (dgg/d^g) s 1.50 
Effective Size (d^g) = 0.30-035 mm 

(Data supplied by H&T, Inc [6] in Qayton, New Jersey) 

NQTE:deg = Panicle diameter of filtration media of which 60 percent of the material is finer, on a dry 
weight basis. 

d^g = Panicle diameter of filtration media of which 10 percent of the material is finer, on a dry 
weight basis. 
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Results and Discussion 

O 

O 

Results of the filtration runs performed are summarized in Table 4-5. As cited, all 
four filtration media combinations achieved significant reductions of iron (Fe) and 
manganese (Mn). The dual media combinations with the anthracite appeared to work 
best, with the single media material' of sand and "FerroSand" both achieving similar, but 
somewhat less effective results. Based on these results, it was decided that a combination 
of general' purpose sand and anthracite coal would be used as the filtration media in the 
pilot-scale testing with KMnO^ as the chemical oiddant. Even though anthracite may not 
be needed in a full-scale unit, it does provide a greater extent of filtration by providing 
a wider range of filtration media size gradation. 

43 ACCELERATED COLUMN TESTING 

Procedures 

It was originally intended that Accelerated Column Testing (ACT) would be 
performed by Calgon Corporation, Inc. on 2- and 3-well flow proportioned composite 
samples of wells W42G/W421 and W23AV420/W421,, respectively. However, due to 
technical questions associated with the validity of the ACT work and time constraints, 
Calgon only performed testing on the 3-well composite sample. Nevertheless, both 
composite samples were pretreated via chemical oxidation and sand filtration prior to 
being submitted to Calgon for subsequent ACT work. 

Both the 2- and 3-well composite samples were pretreated with KMnO^ used as 
the chemical oxidant, and general purpose sand used as the filtration media. The 
respective amounts of each well sample used to make-up the composite samptes were 
computed based upon the respective average flowrates previously cited in Table 2-2. 
Each composite sample was analyzed before pretreatment for phenolics (4-AAP), total 
organic carbon (TOC), total dissolved solids (TDS), total Fe, total Mn and PAH by 
HPLC; all analyses were performed by KER. After pretreatment, the filtered samples 

TreatabOi^ Study Report for Treatment of Page - 21 
Pumped Groundwaters at SL Louis Park, Minnesou 



TABLE 4-5 

COMPARISON OF SAND FILTRATION RUNS FOR DIFFERENT MEDIA 

FILTRATION MEDIA ANALYTiICAL RESULTS 

I Fe 
I 

Nn TDS PH Conductivity 
J (nig/L) |(nig/L) |(iiig/L) |(units)'| (u-irhos/cin) | 

I I I 
Initial UnfiI tared'Composite Sample | 1.630 | 0.379 | 25.3 | 7.4 

I 
Sand 

Sand/Anthracite 

FerroSand 

FerroSand/Anthraci te 

I I I 
I 0.124 I 0.161 I 15.3 I 7 
I I I il 
I <0.100 I 0.081 ,| 17.7 I 7 
I I I I 
I 0.165 |, 0.184 I 19.3 | 
I I 

I I 

I 
I 
I 

5 I 
I 

4 I 
I 

5 I 7 

I <0.100 I 0.043 I 18.7 I 7.2 [ 
I 

I 

950 

1050 I 
I 

1000 I 
I 

1000 I 

1000 I 

Note: < - Represents less than detectable concentrations. 
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were analyzed for phenolics (4-AAP), TOC, TDS, totalFe and total Mn by KER, and for 
the SLP-PAH list by RMAL. The pretreated 3-well composite sample was carried 
through the ACT evaluation with the effluent sample analyzed for phenolics (4-AAP), 
total Fe and total Mn by KER, and the SLP-PAH list by RMAL. This ACT run 
simulated 80 gpm of groundwater being treated through a 20,000 lb. in series double bed 
carbon unit with a contact time of 5-6 minutes. The ACT treated effluent sample was 
collected at a time corresponding to a carbon use rate of 1.04 lb. of carbon per 1,000 
gallons of water treated. 

Results and Discussion 

Analytical results of the 2-well composite sample testing are summarized in Table 
4-6 with results of the 3-well composite sample work summarized in Table 4-7. 

For the 2-well composite sample work, the data in Table 4-6 indicate that the 
pretreatment step was very effective in reducing phenolics, iron and manganese. In terms 
of PAHs, the results show that of the four compounds detected in the untreated sample, 
three showed a signiflcant reduction across the sand Alter with naphthalene not showing 
any. Otherwise, comparison of the treated and untreated PAH results shows consistent 
results between the HPLC and GC/MS methods. The 2-well composite data also indicate 
that the total Potentially Carcinogenic PAH target NPDES requirement of 0.31 /tg/L is 
not exceeded in the pretreated effluent with only three compounds being detected above 
0.01 ug/L. However, the alternately proposed limit of 0.07 /ig/L is close to being 
exceeded'. The slight increase for benzo(a)anthracene between the "initial untreated" and 
"pretreated" samples is not veiy significant and may be due to analytical variability. The 
target NPDES requirements for the 'Total Detectable Other PAH" compounds are 
exceeded due to the 2,3-dihydroindene, naphthalene, benzo(b)thiophene and carbazole 
concentrations present in the well discharges at relatively high' levels. 

For the 3-well composite sample work, the data in Table 4-7 indicate that the 
pretreatment step was again very effective in reducing groundwater concentrations of 
phenolics (4-AAP) and total-Fe; total-Mn was not reduced to any significant extent. PAH 
reductions through the pretreatment step were similar to the 2-well composite sample with 
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TABLE 4-6 

TWO WELL AT COMPOSITE SAMPLE RESULTS 

PARAMETER INIHAL PRETREATED 
UNTREATED 

CONVENTIONAL (mg/L): 
Phaiolle((4-AAP) 0.042 0.007 
Tool'OUMlved 3oUd( 712 861 

4JS7 4.14 

METALS (fflgO.); 
Inm-Totd 1.SM <0.100 

0.430 0.048 ' 

PAH (ug/L) bvHPCL bvCXVMS ' 
POTENTIALLY CARCINOaENIC (PJC.): 

QuiaoUno NA ' <0.010 
<0.020 o:o26 

ChiyMM <0:l» 0.028 
Bcnxo(b)fliionntteaa <0.020 0.014 

<0.020 <0.010 
<0.020 <0.010 

lndc«XI.2.3-e.d}|vren. <0.0S0' <0.010 
Dibcai(i,h)uilinctaa <0.030 <0.010 
BaBO(g.li.0paylcBs <0.030 <0.010 

TM^DclKlablePC.PAH 0.000 0.068 

OTHER PAH'IugO.): 
NA <0.010 ' 

2,>Dlhy4ioiiidcM NA 37.00 ; 
IndcM NA <0.010 

142 140.0 
Baaa(b)lhiaph» NA 28.00 

' Indola NA 0.023 
2-MtdiylupbtluIcaa NA ! <0.010 

NA <0.010 
BIpkaiyl NA <0.010 

23.1 0.027 
5.28 <0.010 
NA <0.010 

FlBoias I.Z4 <0.010 
NA 0.058 

PhcaalhicM <0.500 0.250 
Auhneow 1 <OJOO <0.010 , 
Aeridlna NA <0.010 1 
Cuboola WT 13.00 ; 

<0 700 O'lm 

1 Pyicaa <0.200 0.055 

NA 1 <0:010 
PoylCM NA : <0.010 

TottliDcMdiblo OtlwPAH I7I.6 218.5 

NOIK Coavcnlieul, MMU, od HPLC iaalyM bjr KER. 
GOMS udyMi byRMAL. 
NA -IndtErtanMudynd. 
Orr - bdiuHi tawfocan. 
< 
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TABLE 4-7 

THREE WELL ACT COMPOSITE SAMPLE RESULTS 

PARAMETER INITIAL PRETREATEO ACT TREATED 
UNTREATED ACT INFLUENT EFFLUENT 

CONVENTIONAL (mg/L): 
PkeoaUci (4-AAP) 0.030 <0.003 <0.003 

Totml DUnlved SoUdl 3e» 643' NA 
Tout Oipnie Cuboo 2.86 3.03 NA 

METAU (mg/L): 
bOB-Tctd' I.6M 0.I6S ' <0.100 

Mugucw-Told 0.287 0.218 NA 

PAH (ugfl.) , bYHn,c : bvGC/MS 1 bvGCflHS 
POTENTIALLY CARCINOGENIC (P.C.): 

QutaoUne NA <0.010 i <0.010 
Benza(*)ulhneaio o.aM <0.010 <0.010 , 
ChiyMM <0.130 0.012 <0.010 

<0.020 <0.010 <0.010 
BenzoCkiauoiathcaB <0.020 <0.010 <o:oio ' 

<0.020 <0.010 <0.010 

faidcaD(IJ,)-c,d)pynaa <0.030 <0.010 <0.010 

Dibca»(i.h)imhii> mu <0.030 <0.010 <0.010 

Baao(gih.l)pa7laH <0.030 <0.010 <0.010 

Total Doaeubla P.C. PAH 0.024 0.012 0.000 

OTHER PAH (ugH.): 
2.3BaaDfiirin NA 0.190 <0.010 
m m -i Imii- II . AtJ^uajarauKnp NA 12.00 <0.010 
Indciw NA 0.011 <0.010 

80.6 36.00 0.079 
Beazo(b)thloiihaia NA lEOO <0.010 
ladolo NA <0.010 <0.010 

NA 0.380 0.013 
l-MetbylaqAthdeee NA 2.000 0.010 
BIphaqrl NA 0.260 <0.010 

22.0 <0.010 <0.010 
3J8 1.600 <0.010 

i DibcocoAina i NA 0.330 , <0.010 
Ruofoao 2.02 0.380 <0.010 

NA 0.044 <0D10 
PhcaaihRBs 1.03 0.230 <0.010 
Aothfaecaa <0;3C0 ' <0.010 <0.010 
Aertdlw NA <0.010' <0.010 
Caibaala INT 9.600 , 1 <0.010 

o.2r 0.099 <aoio 
Pyicao <0.200 0.038 <0.010 

BcnMoInrctaa NA <0.010 <0.010 
PaiyhM NA <0.010 <0.010 

Total DettcitUe OHur PAH III.2 93.18 0.102 

NOCK CoanBHoul.iMMii, ndtHPLCtadyMby KEB. 
GOMSiadyMibr'RMAL. 
HA -ladkMmaotiulynd. 
INT - lodicMn IHBrfcrcaaB. 
< -RapiMttlMilbMd 
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some of the higher molecular weight PAiHs being reduced more than others. Naphthalene 
was not reduced to any major extent; there was also a rather good comparison between 
the HPLC' and GC/MS results for naphthalene. This good comparison for both the 2-
and 3-well' composite samples further supports that naphthalene analysis by HPLC could 
be used for operational monitoring purposes of a sand Sltration/activated carbon column 
treatment system. 

Results of the ACT work performed on the 3-well composite sample, as 
summarized in Table 4-7, demonstrate the effectiveness of sand filtration/activated carbon 
for treatment of St. Louis Park site groundwaters. Corresponding to a carbon use rate 
of 1.04 lb. of carbon per 1,000 gallons of groundwater treated, the data presented show 
that naphthalene and methylnaphthalenes were detected in the treated effluent but at 
concentrations far below the target NPDES requirement for "other PAH". It should be 
pointed out however, that the results of the ACT work are questionable because Calgon 
pressure filtered the sample submitted to them prior to the ACT run. As cited in 
Appendix D (Calgon's ACT Report), this filtration step may have resulted in removal of 
naphthalene onto the filter material, with no naphthalene being detected at 1 ug/L in the 
feed to the ACT colunm. Thus, it is not known what the naphthalene concentration 
applied to the ACT column was, as well as the concentration of other PAH compounds. 
Appendix C contains Calgon's ACT evaluation report. 
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5.0 ONSITE PILOT-SCALE STUDY 

This section addresses the onsite pilot-scale treatabili^ work which was carried out 
at the St. Louis Park site. The treatment system evaluated included potassium 
permanganate (KMnO^) chemical oxidation with sand filtration, followed by activated 
carbon column treatment. The remainder of this section gives: (i) a detailed description 
of the pilot-scale unit, (ii) to operation and monitoring procedures, and (iii) results and 
discussion. 

5.1 PILOT-SCALE UNIT DESCRIPTION 

A sand filtration/activated carbon pilot system was set up to treat a fiow 
proportioned side stream from wells W420 and W421 at the St. Louis Park site. 
Groundwater from well W23 was not included in the pilot program because it would have 
been too difficult to transport water firom the location of W23 to the location of 
W420/W421 where the pilbt-scale unit was set-up. It is felt that this is not a significant 
issue since all three wells contain the same PAHs, plus the fact that the respective 
chemical concentrations of W23 are generally an order of magnitude lower than >^420 
and W421. Thus, a worst case groundwater was tested during the pilot work. 

This contention is also> valid in light of the fact that well groundwater analysis 
performed as part of the initial characterization work (See Table 4-3) did show detectable 
concentrations (by HPLC) of some individual Potentially Carcinogenic PAHs in the 
fraction of the part per billion (ppb) level while sample analyses &om wells W420 and 
W421 did not show any detectable concentrations. It is felt that this very low level of 
Potentially Carcinogenic PAHs will be sufficiently removed by activated carbon treatment 
when well W23 groundwater is treated jointly with groundwater firom wells W420 and 
W421. Even though groundwater firom well W23 was not used in the pilot-scale 
treatability work, it should be noted that the Potentially Carcinogenic PAHs, which are 
relatively insoluble compared to Other PAHs compounds, are greatly adsorbed onto 
carbon to a much greater degree than the Other PAH compounds measured in wells 
W420 and W421. This contention is supported by the fact that an existing carbon 
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treatment system treating pumped site groundwater from wells WIO and W15 is removing 
Potentially Carcinogenic PAHs to drinking water levers. Additionally, published isotherm 
data and theoiy [5] cite that of the St. Louis Park PAH list, carbon usage will be 
determined based upon naphthalene adsorption. Naphthalene is die PAH compound 
present in the highest concentration in all three wells and is also the PAH compound 
which is expected to first be detected in the carbon column effiuent with all of the other 
PAHs not being detectable. The Potentially Carcinogenic PAHs would be the very last 
to be detected in the effluent if allowed. However, this is not expected to occur based 
upon the fact that a particular carbon column will be replaced once it is exhausted for 
either naphthalene or phenolics, which ever occurs first. Exhaustion is defined as that 
condition where the effluent concentration of a particular chemical equals the influent 
concentration. Additionally, once W23 groundwater is added to flows from W420 and 
W421, the Total Potentially Carcinogenic PAH concentration in the combined flow will be 
near 0;024 jtig/L as cited in Table 4-7. This is below the anticipated permit requirement 
range of 0.07 to 0.31 /tg/L average. Thus^ the fact that W23 groundwater was not used 
in the pilot work should not be an issue. 

The pilot system included chemical oxidation and sand filtration for removal of 
soluble iron and manganese. This was followed by a series of three activated carbon 
columns for treatment of organic contaminants. Figure 5-1 shows a schematic of the 
pilot-scale system operated. 

The influent was a flow proportioned side stream from wells W420 and W421. 
The flowrate from W420 was approximately 315 ml/minute and the flowrate from W421 
was approximately 190 ml/minute. The combined flowrate of 505 ml/minute from the two 
wells exceeded the influent flowrate of 380 ml/minute to the pilot unit from influent mix 
tank. The excess flow was allowed to overflow to the sanitary sewer thus eliminating the 
need for low level pump controls and ensuring a constant flow to the sand filter. 

Continuous oxidation of the soluble iron was achieved in a 5-gallon influent mixing 
tank (INFTNK) by the addition of 0.1 molar KMnO^ solution fed at approximately 0.1 
ml/minute. This resulted in KMnO^ being added at a influent dosage of 3.1 mg/L. Based 
on results of the laboratory pretreatment evaluation work discussed in Section 4.0, it was 
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FIGURE 5-1 

PILOT-SCALE SAND FILTRATION/ACTIVATED CARBON 
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anticipated that this dosage would approximately correspond to a KMnO;^: soluble Fe 
ratio of approximately 1:1 and a KMnO^: soluble Mn ratio of approximately 2:1. 

Water from the influent tank was then pumped to a fixed bed dual media sand 
filtration column (SFC). The sand column was four inches in diameter and contained an 
18-inch bed of anthracitic coal with an effective size of 0.85 to 0.95 mm and a maximum 
uniformity coefficient of 1.70; and an 18-inch bed of sand with an effective size of 0.48 
mm and an uniformity coefficient of 1.46. Grain-size distribution of the sand used is 
graphed in Figure 5-2. The hydraulic loading to the sand column was 1.15 gpm/ft^. The 
sand column was backwashed at a hydraulic loading of 12.0 gpm/ft^. The backwash 
containing the precipitated filtered solids of iron and manganese and was discharged to 
the sanitary sewer. 

From the sand column, the pretreated groundwater passed through a series of 
three activated carbon columns. Each of the carbon columns was 2.5 inches in diameter 
and had a hydraulic loading of 2.9 gpm/ft^. The carbon used was virgin U.S. Standard 12 
X 40 mesh carbon with an apparent bulk density of 27.5 lbs/ft^; the carbon was obtained 
from Tigg Corporation of Pittsburgh, Pennsylvania. The first (ACl) and second (AC2) 
activated carbon colunms each had 36-inch bed depths and contained approximately 2.8 
lbs. of carbon. The third (ACS) activated carbon column had a 48-inch bed depth and 
contained approximately 3.8 lbs. of carbon. The empty bed contact time for columns ACl 
and AC2 was approximately 7.5 minutes. The empty bed contact time for column ACS 
was approximately 10 minutes. Jointly, the carbon pflot unit simulated carbon column> 
treatment with a total empty bed contact time of approximately 25 minutes. 

From the carbon columns, the treated water was collected in a 30-gallon tank 
which also served as a reservoir for backwashing the sand filtration colunm and the 
carbon columns as needed. For backwashing purposes, the columns measured between 
60 to 72 inches in height. Each column was also equipped with a pressure gauge to 
indicate headlosses across each column and which also served to indicate any signs of 
plugging or flow restriction. 
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FIGURE 5-2 

GRAIN SIZE DISTRIBUTION GRAPH OF SAND MEDIA IN 

PILOT-SCALE FILTRATION COLUMN 
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5.2 OPERATION AND MONITORING 

The pilot unit was started up on March 28, 1989, and operated through October 
17, 1989. The first analytical sampling was performed on March 29, 1989, after the 
system had time to come to equOibrium. As cited in Table 5-1, the October 17 date 
corresponds to approximately 29,088 total gallons of groundwater treated over a 202 day 
period; and computed carbon loadings of approximately 0.10 lb/1,000 gallons for Column 
1, 0.19 lb/1,000 gallons for Columns 1 and 2 combined, and 0.32 lb:/l;000 gallons for all 
three columns combined. 

Operation and monitoring of the onsite pilot-scale treatability work was performed 
as related to: 

Daily Monitoring and Maintenance, 
Pretreatment, 
Carbon Column Breakthrough Monitoring, 
NPDES Permit Sampling, and 
Sand Filter Backwash Water Monitoring. 

The analytical sampling schedule carried out during the study is summarized in 
Table 5-2. The analytical sampling weeks identified correspond to the same weeks and 
dates cited in Table 5-1. As given in Table 5-2, an extensive sampling program was 
carried out to evaluate pretreatment, carbon column breakthrough, NPDES permit issues 
and water quality of the sand filter backwash. 

Dailv Monitoring and Maintenance 

Daily monitoring and maintenance of the pilot unit was conducted by personnel 
from the City of St. Louis Park Water Department Daily monitoring included pH and 
conductivity analyses,, and recording flowrates and column pressures. Maintenance 
included adjustment of flowrates and column backwashing as needed. All data including 
operational notes were recorded in a standard sheet provided by ReTeC. A copy of the 
standard sheet is provided as Table 5-3. 
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TABLE 5-1 

SUMMARY OF GROUNDWATER VOLUME TREATED AT 

RESPECTIVE SAlVffLING DATES 

1 ANALYTICAL ANALYTICAL CUMMULATIVE CUMMULATIVE COMPUTED CARBON LOADINGS 

1 SAMPLING SAMPLING DAYS OF GALLONS OF (POUNDS OF CARBON/1000 GALLONS TREATED) | 

1 DATE WEEK OPERATION WATER 
TREATED 

COLUMN 1 COLUMN 1.8 2 1; COLUMN 

1 
1.2. & 3 1 

1 March. 28. 1989 Start-up , 
1 

... 1 • • • 1 

j. March 29.1989 1 ! 1 144 , 19.44 38.89 1 65.28 1 

1 April 3. 1989 2 6 864 3.24 6.48 1 10.88 1 

1' April 10. 1989 3 13 1872 ! 1.50 2.99 1 5.02 1 
|: April 17. 1989 4 20 2880 . 0.97 1.94 1 3.26 1 

1 April 24. 1989 5 27 3888 0.72 1.44 1 2.42 1 
1 May 1. 1989 6 34 4896 0.57 1.14 1 1.92 1 

1 May 8. 1989 7 4.1 5904 0.47 0.95 1 1.59 1 

1 May IS. 1989 8 48 6912 0.41 0.81 1 1.36 1 
1 May 22. 1989 9 55 7920 0.35 0.71 1 1.19 1 
>1 June 5. 1989 11 69 9936 0.28 0.56 1 0.95 1 
;| June 19. 1989 13 83 1.1952 0.23 0.47 1 0.79 1 

1 July 3. 1989 15 97 13968 0.20 0.40 1 0.67 1 
1 July 17. 1989 17 111 15984 0.18 0.35 1 0.59 1 
,| July 31. 1989 19 125 18000 0.16 0.31 1 0.52 1 
1 August 14. 1989 21 139 20016 0.14 0.28 1 0.47 1 
1 October 2. 1989 28 188 27072 0.10 0.21 1 0.35 1 
1 October 17. 1989 30 202 29088 0.10 0.19 1 

1 
0.32 1 
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TABLE 5-2 

PILOT-SCALE TESTING ANALYHCAL SAMPLING SCHEDULE 

FARAMglHM 

DIP DIPIMK SPCEPP ACIHPP AOEPP ACSEPP BWl 

QAIQC 

OLANK 

COHVBKTIOHAL: 

n(aalloo(4-AAP) I.T.IJ l-t l-9:u.l7. 2-9.11.U. UJ.7.9. IJJ.7.9. 1.7.13 

U.2SJ0 U.17.19. ' I1.U.U.17 11.12.17. 

21.2S.W 19.M.SU0 21120.30 

pH tarn I.T.U' t-» 1-9 1.7.13 1.7.13 

ToiilDlwMSoUdi I.T.IS 1.7.13 1.7.13 

TouiaupoMMIdo l,7.IS' !-• 1-9 1.7.13 1-9 1.7.13 

Bloctenl Oipioo Dcmiad I.T.U 1.7.13 3.7.9 117.13 

OcwulOnncaDcmud I.7.U 1.7.U 1.7.13 

TculOqiaoCaAoa I.TiU' 1-9 1-9 1.7;U 1-9 U7.13 

aaaPOicoa t.7.U 1.7:U 1.7.U 

BnWmbiCiOOJ) I.7JU 1.7.U ' 1.7.U 

NVTUENTl: 

I.7.U , I.7.U 1 1.7.13 

I.7.U , 1.7JU 1 1.7.13 

NlmoioN ' 'i.7;o 1 1.7.13 : 1.7.13 

NllnttioN 1 I.7.U 1 1.7.U 1.7.13 

METALS: 

Ina-Toial i;7.u 1-9 1-9 1 1-9 1.7.13 1.7.13 

boD-Poiioai , , 1-9 ! 1-9 1 »-• 1.7.13 1.7.13 

bov-ntaoA ' IJ.U 1 > 1-9 1-9 'i >-* 1.7.U 1.7,13 

•MmoniM Tbul H7.U 1-9 ' 1-9 1-9 1.7.U ' 1.7.U 

PAHlgrlinje i.u 1-9 1-9.U:17. 1-9111.U. UJ.7.91 . IJ.5.7.9. 3.7.9 

».2UO IS.17.19. I1.U.U.17 i 11.U.17. 

U.2SJ0 19.21.SSJ0 ! 

PAHbpOCMS: I.7.U IIT.U 1.7.13 

PmOUTY POILOTANT SCAN: I.U 1.U 

OTHER PAEAMEIEES; 

. Teovmno D D 

i pH D D 

. ClBteMV D 0 

DO. SO 30 

Now : iWoik UMIITUIOS-I. 

Alhro 
D-Diilr 
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TABLE 5-3 

PILOT-SCALE OPERATIONAL MONITORING SHEET 

D«tlv Uarkahaat 

Carbon Pilot Unit 
Reilly Induatriaa 
Saint Louia Park, HN 

Paygnatgra! 

Teaperatura 
PH 
Conductivity 
Diaaolved Oxygen 

F^iQW Ra^aq; 

KHnO, 
W420 
W421 
Total Coluan Influent 

INF 
TNK 

CdW of ^»<ayqancY, Plaaaa 

1. Paul Chavez at W 412/ fi26-3340 
H 412/ 733-5018 

2. John Smith at U 412/ 765-0386 
H 412/ 242-5998 

EFF 
TNK 

'C 

_u-ahoa/cn* 
_mg/L 

_u-nhoa/en 
jtig/L 

_nl/Bin 
. gal/hr 
gal/hr 
gal/hr 

Baekwaah! 

Column 
Initial Flow 
Preaaure 
Baekwaah Rate 
Baekwaah Time 
Final Flow 
Final Preaure 

SFC 
gal/hr 

_paig 
gal/min 
Bin 
gal/hr 
paig 

ACl AC2 AC3 

_paig 
_gal/mi'n 
Bin 

_paig 
_gal/min 
Bin 

_paig 
jal/min 
_Bin 

_paig _paig .paig 

Notea and obaervationa: 

Record additional notea on the back of thia page. 

/ / SaBoler; 
Time: 
Date: 

Baekwaah SFC eolunn daily, back preaaure not to exceed 20 paig.. 
Columna ACl, AC2, ACS to be backweahed if preaaure exceeda 20 paig. 
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Pretreatment 

To evaluate the effectiveness of chemical (KMnOj^) oxidation/sand filtration 
pretreatment, a sampling program was initiated to track some selected conventional 
parameters; metals and PAHs across the sand filter on a weekly basis during the first nine 
weeks of operation. This time period was considered sufficient with no further monitoring 
of parameters across the sand filter performed after the initial nine weeks all samples 
collected were grab. 

Carbon Column Breakthrough Monitoring 

Phenolics and PAHs were tracked across the three carbon columns during 
operation of the pilot unit. For carbon column 1 (ACl), grab samples were collected of 
the influent and effluent on a weekly basis during the first nine weeks of the study. 
Breakthrough in Column 1 (ACl) for either naphthalene or phenolics (4-AAP) was 
estimated, based on published isotherm data ,[5]^ to be achieved within' the first 48 days 
of the study. However, breakthrough was not achieved as anticipated, and biweekly 
sampling of ACl was implemented for phenolics and PAHs through Week 21, with two 
more similar samplings performed during Week 28 and Week 30. A periodic sampling 
program for phenolics and PAHs was carried out for Columns 2 and 3 (AC2 and AC3) 
with the specific schedule given in Table 5-2. 

NPDES Permit Sampling 

The influent (I^^ and final carbon column effluent (AC3EFF) were monitored for 
conventional parameters, metals, nutrients, and PAHs by both HPLC and GC/MS at the 
beginning of the study (Week 1), at Week 7, and at Week 13. In addition, a Priority 
Pollutant Stan was performed on the influent and effluent water at the beginning of the 
study and at Week 13. The purpose of these analyses was to gather data to be used with 
regard to NPBES permit issues. All samples collected were grab. 
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Sand Filter Backwash Monitoring 

During the first nine weeks of operation, grab samples were collected weekly of the 
sand filter backwash water and analyzed for total suspended solids (TSS) and total organic 
carbon (TOC). During Weeks 5, 7, and 9, grab samples were also collected for BOD and 
PAH analyses. Backwash Water collected during weeks 5 through 9 was saved for 
analysis of the filtered solid for the PAH-SLP list by GC/MS. Solid material was allowed 
to settle, and the clear supernatant was decanted. The settled material was filtered using 
a 1.5 um filter. The filter cake was submitted to RMAL for SLP-PAH analysis when 
sufficient filtered material was collectedi 

S3 RESULTS AND DISCUSSION 

Results of the onsite treatability pilot work are presented and discussed with regard 
to the same five categories cited in the preceding sub-section. 

Daily Monitoring 

In terms of operation of the pilot-scale treatment unit, daily recorded pressures for 
the sand filter generally ranged between 0 to 15 psig. Initially, the sand filter was 
backwashed every third day but this resulted in ACl achieving a pressure of 10 psig. At 
this time, ACl was backwashed and daily backwashing of the sand filter was implemented. 
This resulted in recorded pressures for the carbon columns ranging between '0 to 2 psig. 
This low pressure range supports that the chemical oxidation/sand filtration pretreatment 
step was effective in removing precipitated solids from the groundwater stream being 
treated, thus reducing the potential for plugging or fouling of the carbon columns. Daily 
backwashing for the sand filtration column represented approximately 21 percent of the 
daily flowrate to the treatment system which was maintained at approximately 144 gpd; 
thus the sand filter backwash flowrate was approximately 30 gpd. 
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Results of the dafly monitoring are summarized m Table 5-4 for temperature, pH, 
and conductivity. As given, there was not much variation of these parameters over the 
course of the study for both the influent and effluent as evidenced by the narrow range 
between the upper and' lower 95 percent conSdence interval limits (U95%, L95%) of the 
averages cited. There was also not much variation between the influent (INF) and the 
final treated eMuent (ACSEFF) averages given for the respective parameters monitored. 
In addition, replicate Dissolved Oxygen (DO) measurements, using a standard YSI oxygen 
meter, were taken of the influent and the AC3 effluent during Week 30. 

Completed copies of the Daily Pilot-Scale Unit Operational Monitoring Sheets 
(Table 5-3) are available upon request. 

Pretreatment 

Analytical data results of the sampling performed on the chemical oxidation/sand 
filtration pretreatment process are given in Tables 5-5 and 5-6 for the influent (INFTNK) 
and effluent (SFCEFF), respectively, across the sand filtration colunm. Comparisons 
between the D4FTNK and the SFCEFF should be made for the first nine weeks of 
monitoring, results of the SFCEFF, during Weeks 13, 17, 21, 18 and 30, apply to carbon 
colunm breakthrough monitoring. 

The influent tank results (Table 5-5) show that the groundwater quality remained 
fairly constant in terms of pH, TSS, total iron and total manganese during the nine week 
sampling period. It is noteworthy that the manganese concentrations cited represent 
increases above that present in the pumped groundwater due to the addition of KMnO^ 
to the influent tank. Results of manganese and iron concentrations prior to KMnO^ 
addition are given in the sub-section entitled, "NPDES Permit Sampling". The data in 
Table 5-5 show that the total iron detected was soluble and in a oxidized state based on 
the fact that reduced ferrous iron (Fe^'*') was not detected and that filtered iron 
concentrations were approximately the same as the total iron concentrations; exceptions 
are noted for Weeks 1, 6 and 7. This observation supports that while the iron was 

Treatability Stutty Report for Treatment of Page - 38 
Pumped Groundwateis at SL Louis Park, Miimesota 



TABLE 5-4 

SUMMARY OF DAILY MONITORING PARAMETERS 

TEMPERATURE pH> CONDUCTIVITY i| 
(C) (units) (unohs/cffl)' 1 

INFLUENT EFFLUENT INFLUENT EFFLUENT I INFLUENT EFFLUENT .j 
aassasssai aaaaaaaaaaaaaai 

1 

aaaaaaai aaaaaaai issassasaasss laaaaaaaaaa 

1 

1 AVG 
1 
1 11.7 
1 

15.5 7.02 6.95 926. 
1 

1033 .| 
.1 

1 MAX 
1 
1 14.0 
1 

20.0 7.30 7.80 1025 
1 

1250' 1 
ii 

1 MIN 
1 
1 10.0 
1 

11.0 6.20 6.60 800 
l| 

900 1 
1 

1 STD 
1 
1 0.8 
1 

2.1 0.11 0.13 1 47 
1 

89 1 
1 

1 U9SX 
1 
1 1-1.9 
1 

15.9 7.05 6.98. 935 
1 

1051 1 
.1 

1 L95X 
1 
1 11.6 

1 
15.1 7.00 6.93 917 

1 
1016 1 

1 

Note: Data repersent 106 aanpling durins weeks 1-13 of operation. 
AVG - Average sairple value. 
NAX - Naxinun sanple value. 
NIN> - Nininun sasple value. 
STD - Sample standard deviation. 
U9SX - Upper bound 9SX confidence limit. 
L9SX - Lower bound 95X confidence limit. 
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TABLE 5-6 

SAND FILTRATION COLUMN EFFLUENT (SFCEFF) SAMPLING RESULTS 

; PRRflnErens a. or 
RINOS UKI IIK2 wn 

IWRLVriCRL UEEK 
IIK4 IIKS UK? UK8 UK9 

- MIC"' coNvcNrioNnu 
PhwMltcp M-
pH <unlt«> 
ratal Suapondad Solida 
Total '0r9aiaic Carbon 

nETRLS <n9/L>l 
Iron-Total 
Iron-forroua 
Iran-Plltarod 
nan9anoao 

0.028 
7.2 

8.00 
7.38 

< O.IOO 
< 0.100 
< 0.100 

0.022 

0.028 
7.8 

d.OO 
R.dl 

8.8dO 
< 0.100 

2.180 
7.080 

0.028 
7.8 

1.00 
101 

< 0.100' 
< 0.100 
< 0.100. 

0.188 

0.019 
7.8 

< 1.00 
11.7 

< 0.100 
< 0.100 
< 0.100 

0.081 

< 0.008 
7.8 

< 1.00 
8.89 

< 0.100 
< 0.100 
8 0.100 

0.031 

0.009 
7.8 

8.00 
7.98 

< 0.100 
< 0.100 
< 0.100 

0.288 

0.088 
7.8 

3.00 
8.99 

0.180 
< 0.100 
< 0.100 

0.288 

< 0.008 
7..8 

l.OO 
7.18 

< 0.100 
8 0.100 
8 0.100 

0.180 

0.009 
7.8 

8.00 
8.82 

8 0.100 
8 0.100 
8 0.100 

0.098 

i Carbml# B 2.49 <2.00 <2.00 <2.00 ZNr XMr ZNT 10.7 ZNr 
2 ?4S 980 311 110 884 872 10.2 732 078 1 
B B4.0 44.9 17.3 <2.00 8.07 ZNT ZNT <20.0 ZNF 1 
B Bl.O 80.2 30.0 <2.00 19.9 14.4 <2.00 <20.0 14.7 1 

1 Pluor«n« B 9.03 IB.O 11.8 9.63 8.74 11.4 13.1 9.28 11.3 1 
B 8.88 9. 18 8.43 1.01 4.78 <8.73 4.72 7.02 0.28 
B <0.800 O.SOB <0.800 <0.800 <0.800 <0.800 2.21 <0.800 <0.800 1 
4 <0.200 <O.200 <0.200 <0.200 <0.200 <0.200 0.210 <0.200 <0.200 t 
4 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 0.282 0.204 <0.200 1 

'B«nco C«> «nthr 4 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 1 
4 <0.180 <0.160 <0.180 <0.180 <0. ISO' <0.180 <0.180 <0.180 <0.180 1 

1 B«ftco<b><luer*nth«M* 5 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 1 
B^ftsmCb) PI S <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 1 

8 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 1 
Dib0nco<08h> «nthr«CM»* 8 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 - 1 
B0«%K0 <9 » a > 4t 8 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 1 B0«%K0 <9 » a > 4t 

8 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 1 

1 rotAl D*t*«b0bl« PAH 028.90 1088.S 303.33 121.44 891.47 704.83 30.71 787.17 910.28 t 

1 PnmnerERS NO. or RNALVTICAL UEEK 1 
PAH RtHOS UKIB UK17 UK21 imao UIC30 1 

1 CONVCNriONm. <SM/L>| 
t PhMl <H-HRP> 0.018 < O.OOS 0.012 0.017 < 0.800 

1 
1 
1 

PRH b9 HPLC Cu«/L>l 
Carbaoolo 
Naphthalono 
Rconaphth^lono 
Reanapbtbono 
Fluorono 
Pbonanthrono 
Rntbraeono 
Fluor antbono 
Pyano 
Oanao < a> ontbr aeono 
Cbryono 
8anoo8b> F1 uor antbano 
Oanao Cb> F1 uarantbano 
8anao<a>pyono 
OibonaoCa.b) antbr aeono 
8anao<9.b«a>por9lano 
1 ndano < 1 p 2 . 3-c . d) py ano 

9.12 
883 
88:8 
88.7 
U.7 
8.73 

80.800' 
0.388 
80.200 
0.033 
80.180 
80.020 
80.020 
80.020 
80.030 
80.080 
80.080' 

0.97 
87.8 
137 

820.0 
13.7 

II 
80.800 
80.200 
80.200 
80.020 
80.180 
80.020 
80.020 
80.020 
80.030 
80.080 
80.080 

82.00 
82.00 
82.00 
31.8 
11.3 
8.98 

80.800 
80.200 
80.200 
80.020 
80.180 
80.020 
80.020 
80.020 
80.030 
80.080 
80.080 

871 
980 

820.0 
820.0 
22.8 
13.8 
1.20 

80.200 
0.888 
80.020 
80.180 
80.020 
80.020 
80.020 
80.030 
80.080 
80.080 

88.0 
880 

820.0 
88.0 
22.2 
9.80 
1.27 

0.880 
1.71 

80.020 
80.180 
80.020 
80.020 
80.020 
80.030 
80.080 
80.080 

Total Dotaetablo PRH 718.23 218.17 80.08 1888.8 

Rnolyos bu HER 
INT - Indleatoo IntarForoneo. 
8 - Ropraaonta loaa than dotaetablo eaneontrotio 

888.28 
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oxidized in the influent tank via KMnO;^ chemical' oxidation, precipitate formation '(i.e., 
Fe(OH)j) was not pronounced enough to where the iron was removed through a 0.45 ^im 
filter. 

Some of the PAHs detected in the influent tank (e.g., naphthalene) did vary 
somewhat during the nine week sampling period. Only the 2- and 3-ring PAHs were 
detected with none of the potentially carcinogenic 4-, 5- and 6-ring PAHs detected at the 
reporting limits cited. 

The sand filtration column effluent results (Table 5-6) support that the 
pretreatment step worked quite well in terms of removing iron and manganese from the 
groundwater prior to carbon treatment, an exception is to be noted for Week 2. Week 
2 sample results show iron and manganese values above the influent tank values as a 
result of overloading of the sand filter. The INFTNK and SFCEFF results for total iron 
and manganese are graphically presented in Figures 5-3 and 5-4, respectively. Referring 
to Figure 5-4, the relatively high influent Mn values is due to the fact that Mn was added 
to the groundwater as part of the KMnO^ chemical oxidant. 

Conversely and as anticipated, phenolics (4-AAP), TOG and PAHs were not 
appreciably removed across the sand column. Total detectable PAH results across the 
sand column are graphically illustrated in Figure 5-5. Exceptions in terms of PAHs across 
the sand filter are to be noted for Weeks 3, 7 and 9, possibly due to sampling and 
analytical variability. However, it can be inferred from the data that partial phenolics 
oxidation may have occurred due to KMnO;^ oxidation. The data m Table 5-5 shows 
phenolics levels ranging between < 0.005 mg/L to 0.026 mg/L. With the influent tank 
receiving KMnO^ addition, there is a possibility that partial phenolics oxidation may have 
occurred as previously cited in Section 4.3 (i.e.. Tables 4-6 and 4-7). 

Carbon Column Breakthrough Monitoring 

Phenolics and PAH monitoring results of the three carbon column effluents are 
given in Tables 5-7 through 5-9. These results veiy substantially support that activated 
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FIGURE 5-3 

IRON CONCENTRATIONS OF SAND FILTER 
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FIGUMl 5-4 

MANGANESE CONCENTRATIONS OF SAND FILTER 
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FIGURE 5-5 

TOTAL PAH CONCENTRATIONS OF THE SAND FILTER 
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TABLE 5-8 

ACXrVATED CARBON COLUMN 2 EFFLUENT (AC2EFF) 

SAMPLING RESULTS 

I PHRAnercRs 
: 

NO. OP 
PRH RINa5 UKl UNO 

RNRLVriCRL UEEK 
UNO UKP UNO 

I CQHVENriONRL 
I PhaMllca CR-RRP> 

I PRH bo HPbC (U9/L>I 
I Carbacol* 

Haphbhalvn* 
I Reanaphbholana 

Reanaphthana 
I Pluofana 
I Phananthrana 

Rnthraaana 
I Pluoranthana 
I Pgrana 
I Banaa(a>anU<raeatia 

Chrgaana 
Banaa <b> f 1 uar antbana 
Banaa <k> rluaranbhana I 

I Banaa<a>pgrana 

! 
I 

01 baaaaCa.M anbhraeana 
BanaaCg,ha1>pargiana 
Xndano< I'a2,3-e,d>pgr-ana 

<3.00 
<2.00 
<2.00 
<2.00 

<0.200 
<O.SOO 
<0.500 
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<01.300 
<0.020 
<0. 150 
<0.020 
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<0.030 
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<0.050 
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<3.00 
<3.00 
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<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<3.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.030 
<0.150 
<0.030 
<0.020 
<0.030 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<3.00 
<2.00 
<0.300 
<0.500 
<0.500 
<0.300> 
<0.300 
<0.030 
<0.150 
<0.030 
<0.030 
<0.030 
<0.030 
<0.050 
<0.050 

< 0.005 < 0.005 < 0.005 < 0.005 

<2.00 
<2.00 
<3.00 
<2.00 
<0.300 
<0.500 
<0.500 
<0.200 
<0.200 
<0.030 
<0.150 
<0.030 
<0.030 
<0.030 
<0.030' 
<0.050 
<0.050 

Tabal Dabaebabla PRH O.OO 0.00 0.00 0.00 0.00 I 

I PRRRHCrCRO 0. OP 
RIHOS UKll IIK13 11X15 

RNRLVriCRk UEEK 
UKIP UKIO UK3t HUB 11X30 

I COHWEHrXONRL <ng>X.Xl 
Phanaliaa <d-RRP> 

! 
! PRH bg HPLC <U9/>I 

Canbaaala 
I Haphbhal ana 
I Reaaaaphbhglana 
I Reanaphbhana 

PXuorana 
I PhananbhraM 
t Rnbtwaeana 
I Pluoranbhana 
I Pgrana 

BanaaCalanbhracana 
; Chrgaana 

Banaa <b7 fl uananbhana 
I Banaa<h>PX«iaranbhana 
I Banaa(a>pgrana 

01 banaa <a , h> anbbraeana 
t Banaa<gah,l>pargXana 
I Xndano<la2a3-nidlpgrana 

< 0.005 

<2.00 
<2.00 
<2.00 
<3.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.300 
<0.020 
<0.150 
<0.020 
<0.030 
<0.030 
<0.030' 
<0.050 
<0.050 

0.007 < 0.005 < 0.005 < 0.005 < 0.005 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.030 
<0.150 
<0.030 
<0.030 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<01.500 
<0.200 
<0.200 
<0.020' 
<0.150 
<0.030 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.030 
<0.030 
<0.030 
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<0.200 
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<0.030 
<0.030 
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<2.00 
<2.00 
<2.00 
<2.00 

<0.300 
<0.500 
<0.500 
<0.200 
<0.200 
<0.030 
<0.150 
<0.030 
<0.030 
<0.030 
<0.030' 
<0.050 
<0.050 

0.000 < 0.500 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.300 
<0.020 
<0.150 
<0.020 
<0.030 
<0.030 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030' 
<0.050 
<0.050 

Tabal Oabaebabla PRH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Hobal Rnalgaaa bg KER 
NR - Xndteabaa nab 
< - Rapraaanba X^aai 

analgaad. 
than dabaababla 

Treatability Stiuty Report for Treatment of 
Pumped Groundwaters at SL Louis Park, Minnesota 

Pagp-47 



dosamnyv smcn is le siaiBMpmiQio padinna 
JO iDonqeau. ^og uodbH Amqeirau, 

»•" ••••aipui,- MN 
'nan f>a •••AI*HH l*»"M 

I 00-0 00-0 00-0 00-0 00-0 NM •iq'^M^so W1 I 

OB0-O> 
oso-o> 
0B0-O> 
ooo-o> 
0E0'0> 
0E0-0> 
oaT'o> 
OBO'0> 
ooe-o> 
ooo-o> 
ooa-o> 
aoB-o> 
ooe-o> 
oo-o 
00-o 
oB-e> 
oo-E> 

oso-o> 
OB0-O> 
oco-o> 
oeo-o> 
oco-o> 
oeo-o> 
OBI•0> 
oeo-o> 
00E-0> 
ooe-o> 
ooa-o> 
aoa*o> 
ooz*o> 
oo-E> 
oo-o> 
oo-e> 
oo-e> 

OB0-O> 
0B0-0> 
OB0*0> 
OB0*O> 
oeo*o> 
oeo'o> 
osi-o> 
aco-o> 
00E-0> 
ooe-o> 
oos-o> 
oos-o> 
ooe-o> 
oo-E> 
00-E> 
oo-e> 
00-E> 

0B0-O> 
oso-o> 
060-0> 
oEa*0> 
oco-o> 
oeo-o> 
0B1-0> 
0Z0'0> 
ooc-o> 
ooc-o> 
00B-0> 
00B-0> 
00E-0> 
00-E> 
00-B> 
oo*e> 
00-E> 

OB0*O> 
0BO'0> 
oeo-.o> 
0Ea'0> 
0E0-0> 
OE0-O> 
OBI-OP 
0E0*0> 
00E-O> 
0OE-0> 
O0B*O> oos-o> 
00E-0> 
00-B> 
00-E> 
00-B> 
oo-z> 

•uajM<p*9.c<e'l>"MP>'l 

li c«i> ••"•a 
Jon li cq> •>>••0 

•uMikjiia 

OOfi'O > BOO'O > 800-0 > BOO-0 > SOO'O > 

"18 

•wawtiquaiMiw 
•Maonu 

•u«tK>iqi|d*ua3|| 

tCV^> O-MH N HVd 

m9fjmu0t4^ 
• n/^M> ^HO XlNaANOO 

OOIII eoin lom dim 
mn -HoxjA-now 

GTNII jxm SONXM HU 
JO *0N snaiaiwiwd i 

I 00*0 00*0 00*0 00*0 00*0 HH4 

oso*o> 
0fi0*0> 
0C0'0> 
000*0> 
oco*o> 
oeo-o> 
0SI*0> 
oeo*o> 
ooe*o> 
00G*0> 
00B*0> 
008'0> 
ooe*o> 
00*8> 
00*0> 
00*0> 
00*0 

OB0*0> 
oso*o> 
0K0*0> 
080*0> 
oeo*o> 
oeo*o> 
081'0> 
oco*o> 
008*0> 
008*0> 
008*0> 
>008'0> 
008*0> 
00*0> 
00*8> 
00*0 
00*0 

080*0> 
080*0> 
oco*o> 
oco*o> 
080*0> 
080*0> 
081*0> 
080*0> 
ooc*o> 
ooe*o> 
oos*o> 
oos*o> 
ooc*o> 
00*0 
00*0 
00*0 
OO'O 

060*Q> 
080*0> 
0C0-0> 
OBO'Q> 
oeo*o> 
0C0*0> 
081*0> 
0B0*0> 
00B*0> 
•00B*0> 
00S*0> 
oos*o> 
ooc*o> 
00*B> 
00*0 
00*B> 
00*0 

060*0> 
oso*o> 
0fi0*0> 
OB0*0> 
OB0*O> 
0B0-0> 
081*0> 
080*0> 
O0B'O> 
008-0> 
oos-o> 
oos*o> 
008'0> 
D0*8> 
00*8> 
00'8> 
00*8> 

CP • O.C • C • I > I 
•u* T D> 

CM* v> 10 
cv>«aii*g 

•wm w jen li <*!> 
Jonli CM>•»w«8 

000*0 > 800*0 > 800*0 > 800*0 > 

88n inn 88n 
Maan iuoxiA*wMi 

can lan SONXM 
dO *0 

1 
C«> ••*••8 

••••.ing I 
*u«i4%ii».iQn|g I 

I 
I 

•it*.ionxg I 
•w«^^i|d»u*9g I 

•u*i*in«4daN 
• 10Mqj>3 

l<-|/6n> 3-ldH Kq. HUd : 

CdHU-B> daiTouaiid i 
IO/'a> IMNOIiNadNOS t 

SHaiauwiM I' 

SXTQSaH OMIldlVVS 
(jjae3v) XNanuaa c MwaioD NoaavD aaxvAiXDv 

6-s aiavx 



carbon treatment is very effective for treatment of pumped groundwaters at the St. 
LouisPark site. Analytical results of the pretreated groundwater applied to Carbon 
Column 1 (SFCEFF) were previously cited in Table 5-6. 

Except for just detectable concentrations of fluorene and phenanthrene at Week 
2, Column 1 effluent results in Table S-7 cite no detectable concentrations of PAHs until 
naphthalene was measured at Week 17. Subsequently, naphthalene was detected in ACl 
effluent at Weeks 19, 28 and 30 along with acenaphthylene, acenaphthene and fluorene 
being detected somewhat randomly (i.e., sometimes they were detected and sometimes 
they were not). Also, no PAHs were detected at Week 21. This observed trend of 
increasing PAH for effluent concentration is generally consistent with the pattern of 
carbon adsorption normally obtained for a fixed-bed carbon column adsorber continuously 
fed a water stream as cited by Weber [8]. This is particularly so for the case of 
naphthalene with it beginning to be detected in carbon column 1 effluent with the 
concentrations increasing at a gradual rate. Further discussions of this are provided in 
Section 6.2 under "Activated Carbon Treatment". 

For the case of phenolics (4-AAP), Table 5-7 data shows that detection occurred 
above the target NPDES level of 0.01 mg/L at Weeks 13 and 28, with just above 
detectable concentrations measured at Weeks 15, 17 and 19, and none detected at Week 
21. At Week 30, interferences with the analytical method resulted in an 
uncharacteristically high method detection limit of 0.5 mg/L rather than the normal 0.005 
mg/L Thus, no conclusion can be made for Week 30 results. Based on these data, it 
appears that the same trend observed for naphthalene equally applies to phenolics (4-
AAP). However, the increasing concentration trend for phenolics is not as pronounced 
as that measured for naphthalene with phenolics being measured at values just slightly 
above the method detection limit of 0.005 mg/L at Weeks 15, 17, 19 and 28. Such small 
differences could be attributed to analytical interferences alone. 

As to be specifically discussed in Section 6.2, these carbon column effluent values 
represent a very low carbon use rate. Also, the fact that phenolics and naphthalene were 
the first compounds detected in Carbon Column 1 effluent is consistent with published 
carbon isotherm data [5] which empirically predicts that phenolics and naphthalene are 
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the least adsorbable relative to the other organic chemicals monitored for during the 
study. 

Further supporting the efGciency of activated carbon treatment is the fact that at 
no time during the 30 weeks of operation were PAHs detected in effluents from columns 
2 or 3 (See Tables 5-8 and 5-9). This is also the case for phenolics with the exception of 
Week 30 results where the detection limit was 0.5 mg/L, as opposed to the normal 0.005 
mg/L level. This datum point, as well as that for ACIEFF at Weeks 13, 15, 17 and 19, 
is suspect because it is just above the method detection limit of 0.005 mg/L. Additionally, 
phenoliics was measured at 0.007 mg/L in AC2EFF at Week 13 with all other weeks being 
less than detection. Thus, these data indicate that there may be some inherent variability 
with the phenolics analytical method at such low concentrations. 

NPDES Permit Sampling 

Tables 5-10, 5-11 and 5-12 summarize results of the NPDES permit sampling 
performed. The results presented correspond to samples of the influent (INF) comprised 
of a flow proportioned stream of wells W420 and W421 prior to KMnO^ addition, and 
the effluent of Carbon Column 3 (AC3EFF). These two streams are identifled on Figure 
5-1. Grab samples of these two flows were taken at Weeks 1, 7 and 13 during operation 
and analyzed for conventional, metals, nutrients, PAHs by HPLC, SLP-PAH list, and 
priority pollutant parameters (Weeks 1 and 13 only) as previously given in Table 5-12. 

Table 5-10 presents results for conventional parameters, metals, nutrients and 
PAHs by HPLC. As cited, the majority of conventional and nutrient parameters analyzed 
generally showed less than detectable concentrations in the final treated effluent with 
relatively very low or non-detectable concentrations present in the influent (e.g., nutrients). 
The pilot-scale treatment was also very effective for reductions of metals and PAHs by 
HPLC. Due to a communication mix-up, a PAH influent sample was not collected during 
Week 7. The distilled water blank sample results generally showed non-detectable 
concentrations of the respective parameters monitored, thus supporting the results 
obtained in terms of a QA/QC check. 
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TABLE 5-11 

NPDES PERMIT SAMPLING RESULTS FOR SLP-PAH 

PAmMETBIl NO. OP S SU wra^ 
PAHurai MfLUINT EP1 FLUBNT ! •junc mauBfr gPILUENr .Mjunc WaUBKT VTLUBNT iijuac 

RipMHtU. 1 100 0.01 OLOI 10 0.01 0.01 10 OLOI .041 

POIBfTIALLT CMCntOCBN IC(P.C)i 

a ND ND ND ND ND ND ND ND ND 

4< ND ND ND, ND ND ND < ND ND ND 

ChyM 4 NO ND ND ND ND ND, ND HD ND 

i ND ND NO' ND ND ND NDi ND ND 

1 ND ND ND ND ND ND ND ND ND 

1 ND ND ND HD ND ND ND ND ND 

ydlpi^ 4 NO ND ND ND HD ND ND ND NO 

J ND ND ND ND NO HD ND ND ND 

4 NO ND ND ND ND ND NO HD ND 

ToriDMH • PCPAH 

OTREIPAH 

U-lMOtai a ND ND ND II NO NO IT ND ND 

X>-DIMNIB te a 140 OJBS ND 140 ND ND 110 ND ND 

Imimm a m ND ND lao ND ND lao NO ND 

-I a iao0 HD 410 ND on »o ND ooia 

a ND NO ND n ND ND' 14 ND NO 

hMs a ND ND ND ND ND ND| ND ND ND 

a ND ND NOj ' 41 ND ND 40 ND OLOIJ 

a ND ND ND n ND ND O ND ND 

a ND ND ND 10 ND ND 10 ND ND 

a ND ND ND ND ND ND NO NO ND 

a ND ND ND ai ND ND 11 ND ND 

IW IIIIH • a ND ND ND 14 ND ND 11 ND NO 

nmtmrn a ND ND ND IT ND ND .14 ND ND 

a ND ND ND ND ND ND ND ND ND 

n k I ND ND ND ND ND ND ND ND ND 

Urtn 1 a ND ND ND HD ND HD ND ND ND, 

Ante a ND ND ND HD ND ND ND HD ND 

Mte a ND ND ND « ND ND 14 ND ND 

n imni 4 ND ND ND ND ND ND ND ND ND 

Ipna 4 ND ND ND ND ND ND ND ND ND 

I ND ND ND ND ND ND ND ND ND 

PI IJ' ii J ND NO ND ND ND ND' i ND ND ND 

I I
 
i i

 i i iOtt QuOOO Oioao iiai 0.000 0.011 
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TABLE 5-12 

NPDES PERMIT SAMPLING RESULTS FOR PRIORITY POLLUTANTS 

PARAMETERS 
INFLUI 

WEEK 1 
IN 

WEEK 13 
INFLUI •NT EFFLUENT IN FLUENT EFFLUENT 

VOLATILES,(ug/L): -

Vinyl Chloride 31 < 10 13 < 10 
Methylene chloride 17 15 < 5 < 5 
trans-1.2-Dichloroethene 40 < 5 25 < 5 
Trichloroethene 110 < 5 83 < 5 
Benzene 97 < 5 100 < 5 
Tetrachloroethene 57 < 5 25 < 5 
Toluene 11 < 5 ; 12 < 5 
Ethyl benzene 79 < 5 92 < 5 

SEMI-VOLATn.RS (ug/L): 
Naphthalene 470 < 20 1900 < 20 
Dimethyl phthalate 35 < 20 , < 20 < 20 
Fluorene 12 < 20 21 < 20 
Bis(2-ethylhexyl) phthalate < 10 < 20 ' < 20 120 
2,d-Dimethylphenol < 10 < 20 30 < 20 

METALS (mg/L): 
Iron 1.840 < 0.100 1.980 < 0.100 
Manganese 01374 0.034 0.374 0.691 
Zinc 0.085 < 0.020 0.083 0.031 

MISCELLANEOUS (mg/L): 
Phenolics (4-AAP) 0.074 < 0.005 0.124 0:012 

Note: AnalywabyKER 
Only priority pollutants detected are cited. 
See Appendix E for the complete priority pollutant results. 
< — Represeitts leas *ti«n dttefftaMe'Concenti— 
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Referring to the data given in Table 5-lOi several issues are noteworthy. One is 
that phenolics were detected in AC3EFF at Weeks 13 in the sample collected for priority 
pollutant analysis while another AC3EFF sample collected at approximately the same 
timeshowed no phenolics detected (Table 5-9). This fact further supports the previous 
statement that phenolics analysis near the method detection limit of 0:005 mg/L may be 
subject to some inherent variability. A second issue is the suspicion that some phenolics 
reduction may be occurring via KMnO^ chemical oxidation. Comparing phenolics data in 
Table 5-5 with those in Table 5-10 for Weeks 1 and 7 show that no concentrations were 
detected in the influent tank receiving KMnO^, with respective concentrations of 0.074 
mg/L and 0.06 mg/L detected in the combined influent to the influent tank. While such 
a fact can be inferred, sufficient samples were not collected for definite conclusions to be 
made. The last issue to note is that the manganese concentrations cited in Table 5-10 are 
those representative of the site groundwater and not those given in Table 5-5 which 
include Mn added to the influent tank as KMnO^. For this reason, both the total iron 
and manganese values .given in Table 5-10 will be used to estimate the KMnO^ dosage 
added in terms of oxidizing requirements. 

Table 5-11 presents results of the PAH-SLF list performed by RMAL. As cited, 
while parameters were detected in the influent above target NPDES permit requirements, 
none were detected in the treated effluent at a detectable concentration of 0.01 ug/L 
(10 ng/L). No parameters were detected in the respective blank samples except for Week 
13 where naphthalene and 2-methylnaphthalene were detected just above the method 
detection limit. 

In terms of priority pollutant parameters, no unexpected parameters were detected 
in the influent and effluent samples collected. Table 5-12 cites that while some volatiles 
and semi-volatile parameters were detected in the influent, only methylene chloride and 
Bis(2-ethylhexyl)phthalate were detected in the effluent Methylene chloride was detected 
in the influent and effluent during Week 1 only. Methylene chloride is often associated 
with residual from the analytical extraction. Bis(2-ethylhe}tyl)phthalate was detected in the 
effluent, but not the influent dtiring Week 13. Bis(2-ethylhe}tyl)phthalate is associated with 
plastic tubing and was probably detected due to such a contact during analytical testing. 
Only those priority pollutants which were detected in the respective samples collected are 
given in Table 5-12. The complete priority pollutant test results are given in Appendix 
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E. In terms of metals and phenolics, the results are the same as that cited' in Table 5-
10 with the exception of zinc which was detected in the influent sample, but at very low 
concentrations. 

Results of dissolved o;^gen monitoring are given in Table 5-13. As cited; the D.O. 
was very consistent over the sampling period with a level greater than 2.0 mg/L measured 
in both the influent and effluent across the carbon colunm process. 

Sand Filter Backwash Water Monitoring 

Sampling and analysis of the backwash water from the pilot unit sand filtration 
column were performed to determine the extent, if any, of PAHs being present. The 
results of this monitoring are given in Table 5-14. As cited, weekly sampling results for 
total suspended solids (TSS) varied between approximately 300 to 2,270 mg/L with total 
organic carbon (TOC) varying between approximately 4 to 100 mg/L. The relatively high 
TSS values cited are due to iron and manganese precipitation as hydroxides resulting from 
the chemical oxidation step. 

Samples were also collected during Weeks 5, 7, and 9 and analyzed for BOD5 and 
PAHs by HPLC As given, BOD5 was only detected in the Week 9 sample and only 
some PAHs were detected; these being naphthalene, acenaphthalene, fluorene, and 
phenanthrene. For these three samples, the PAHs detected were below the target 
NPDES permit requirements with the exception of naphthalene at Week 9. No 
explanation is clear as to why naphthalene was relatively high in the Week 9 sample. 
Also, no PAHs were detected in a filtered solids sample of the backwash water at a 
detection limit of 0.330 mg/Kg for each respective PAH compound. 

On the basis of the sampling results presented, there is no reason why discharge 
of the sand filtration backwash water cannot be routed to the Minneapolis/St. Paul 
Metropolitan POTW. For a full-scalie groundwater treatment system, the backwash daily 
flow should be between 10 to 15 percent of the applied groundwater treated. 
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TABLE 5-13 

DISSOLVED OXYGEN (D.O;) SAMPLING RESULTS 

ACROSS THE CARBON COLUMN PILOT-SCALE SYSTEM 

DISSOLVED OXYGEN (mg/L) 

INFLUENT AC3 EFFLUENT 

2.5 2.5 
2.5 2.5 

2.5 2.6 

2.6 2.6 

2.4 2.5 

NOTE: Results of replicate sampling taken on October 17, 1989. 
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TABLE 5-14 

SAND FILTER BACKWASH WATER SAIVH^LING RESULTS 

: pmBHETeRS 

.CONVEHnONXL C119/U1 
Teial Su«p 

mfflivncm. KEEK 

I Solid* 
Total Orpanie Carbon 
'Biological' Onggon Oanand 

I bg HPUC Cug/Ui 
Carbaaolo 
Naphthalan* 
Nconaphthglana 
Ncanafdithono 
Fluorano 
Phananthrano 
Rnthracana 
Fluor anthafw 
Pgrana 
Banso(a3anthracan* 
thrgoano 
BanaoCblFluoranthana 
Banao Oc)fluoranthan* 
BanaoCa)pgrana 
01banaoCa, to anthraeano 
Bonaa<g,h,l)parglana 
Indano(l,2,3-c.d}pgrana 

MCI MC2 UIC3 HK4 M(5 HK6 MC7 'Mca HK3 

1050 362 2270 394' 370 1140 232 522 352 
6.86 17.3 101 6.14> 43.3 NR 3.77 7.35 70.4 

NR Nfli NR NR < 1 NR < 1 NR 3.15 

HR NR NR NR NR NR 
<2.00 
T.Pl 

<2.00 
9.5S 
'2. IS 
1.07 

<O.SOO 
<0.200 
<0.200 
<0.020 
<0.130 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.0S0 

<2.00 
4.31 

<2.00 
2.49 
3.3S 
0.739 
<0.300 
<0.200 
<0.200 
<0.020 
<0.1S0 
<0.0201 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
452 
IHT 
10.3 
3.23 
6.39 

<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

Total Oatactabl* PEN I5.2B 10.31 409.12 

Notoi 'Rnalgaao bg KER. 
'NR - Indicatas not analgaod. 
INT - Indicatas Intarfarane*. 
< - Raprasanta las* than dactabla concantratlon*. 
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6.0 DISCUSSION 

While the infonnation presented in Section S.O supports the technical feasibility of 
a sand filtration/activated carbon column system for treatment of specified pumped 
groundwaters from the St. Louis Park site, this section specifically addresses the results in 
terms of: 

• Comparison of PAH analysis by HPLC, GC/MS and the GC/MS-SIM 
methods, 

• Engineering design issues, and 

• Permitting considerations. 

These items are specifically addressed in the respective sub-sections. 

6.1 COMPARISON OF PAH ANALYSIS BY DIFFERENT METHODS 

During the course of the treatability work performed, PAHs were analyzed by KER 
using both HPLC and GC/MS methods, and by RMAL using the GC/MS-SIM method. 
Comparison of these three methodis is important for the purpose of determining whether 
or not the three methods provide similar results in terms of individual PAHs as well as 
total PAHs: Table 6-1 provides such a comparison between the samples taken for 
NPDES permit sampling, purposes. 

While some differences are noted for some quantifable PAHs, there does appear 
to be some consistency among the three methods in terms of general trends. For the 
Potentially Carcinogenic PAHs, non-detectable levels are cited in the respective samples 
by all three different analytical methods with widely varying reporting limits. Also, the 
HPLC method achieved better detection limits in the influent samples than the two 
GC/MS methods. 
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TABLE 6-1 

COMPARISON OF HPLC AND GC/MS METHODS FOR PAH 

MONITORING PURPOSES 

nuica^ 

voiBnuuf CAaovoMe » Cft 

U-1 

a>M 

«» <10 AIJO 

«« lu. Ha 

If H* HA 

«0 «a 
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For the Other PAH parameters, naphthalene was always detected in the two 
influent samples at respective concentrations which represented the majority of the 
detectable PAH compounds. In terms of the naphthalene concentrations measured, some 
differences are noted for the three methods. 

The results presented'^ along with those previously given in Table 4-3, do support 
that PAH analysis by HPLC can be used for operational monitoring of the treatment 
system rather than the more costly GC/MS methods. The basis of this conclusion 
statement is the fact that naphthalene comprises the majority of the total PAHs detected 
and that naphthalene is a veiy quantifable parameter by HPLC analysis. This argument 
is further supported by the fact that naphthalene will also be one of the first compounds 
to break through (i.e., be detected) in the carbon column effiuent. Phenolics is another 
parameter which should break through early. Further discussions of this are given in the 
next sub-section. 

6.2 ENGINEERING DESIGN ISSUES 

One of the primary reasons for operating the pilot-scale treatment unit was to 
generate engineering design data related to chemical oxidation/sand filtration pretreatment, 
and activated carbon column treatment of a full-scale system. Design data for these two 
processes are given in Table 6-2. 

Chemical Oxidation/Sand Filtration Pretreatment 

For pretreatment of pumped site groundwaters, the KMnO^ dose ratios cited in 
Table 6-2 for Fe and Mn removal are based upon operation of the pilot unit. These 
values were computed based on the fact that approximately 3.1 mg of KMnO^ was added 
per liter of influent groundwater. This value is close to the requirement of 2.7 mg/L 

Treatability Stiuty Report for Treatment of Page - 60 
Pumped Groundwaters at SL Louis Park, Minnesota 



TABLE 6-2 

PILOT-SCALE OPERATION DESIGN PARAMETERS 

Chemical Oridation^Samd Filtration Pretreatment 

• KMn04 Dosage Ratio: 

• Sand Filter Hydraulic leading 

• Filter Media 

• Anthracite 
Effective Size 
Uniformity Coefficient 

• Pool Sand 
Effective Size 
Uniformity Coefficient 

• Intermittent Daily Backwash 

1.16 mg KMn04 : mg Fe 
2.16 mg KMn04 : mg Mn 

1.15 gpm/ft^ (downflow) 

0.9 mm 
1.70 

0.48 
1.46 

21% of Applied Daily Flowrate 

II. Activated Carbon Colnmn TVeaiment 

• Mesh Size 

• Hydraulic Loading 

• Empty Bed Contact Times 

• Carbon' Usage 

. Phenolics (Week 22 through 28) 

• Naphthalene (Week 30) 

12x40 

2.9 gpm/ft^ 

ACl = 
AC2 = 
AC3 = 
Total = 

7.5 minutes 
7.5 minutes 
10 minutes 
25 minutes 

0.133 - 0.103 lb. carbon/1000 gaL treated 
0.0014 - 0.0018 lb. phenolics/lb. carbon 

0.096 lb. carbon/1000 pi. treated 
0.047 lb. naphthalene/lb. carbon 
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computed based on the referenced [6] dose values of 1:1 (mg KMnO^: mg Fe) for iron 
and 2:1 (mg KMnO^: mg Mn) for manganese using the average influent values for iron 
and manganese measured in the groundwater influent (INF) samples as cited in Table 6-
3. Thus, the computed dose ratios actually added are 1.16:1 for Fe and 2.16:1 for Mn. 
The hydraulic loading to the sand filter was 1.15 gpm/ft^ which is near the low range for 
most downflow fixed bed ^e sand filters [4]. A single excursion for iron and manganese 
concentrations in the sand' filter effiuent during Week 2 of operation is attributed to solids 
overloading of the sand filter. Daily backwashing of the sand filtration unit rectified this 
condition. The daily backwashing represented approximately 21 percent of the daily 
applied fiowrate to the sand filter which was applied for 30 minutes per day at a flowrate 
of 11.5 <gpm/ft^ as needed to fluidize the sand bed. Normally, the backwash rate for a 
full-scale sand filter represents between 5 to 15 percent of the applied flowrate on a daily 
basis [4]. 

Activated Carbon Treatment 

The three in-series activated carbon columns operated during the pilot testing 
simulated a single column with sampling ports representing 7.5, 15, and 25 minutes of 
empty bed contact times (EBCT) with the same hydraulic loading of 2.9 gpm/ft^ applied 
to each column^ Data generated for NPDES permitting considerations were generated 
under the 25 minute EBCT condition while data generated to estimate carbon chemical 
loadings and exhaustion rates were generated under an EBCT of 7.5 minutes for Carbon 
Column 1 (ACl). Figure 6-1 plots the influent and treated effiuent concentrations of 
naphthalene for Carbon Colunm 1 (ACl). Figure 6-2 does the same for phenolics. 

Carbon adsorption in a fixed bed column represents an unsteady-state condition in 
that activated carbon continues to remove increasing amounts of impurities from solution 
over the entire period of useful operation. As cited by Weber [8], Figure 6-3 is a plot of 
a typical carbon breakthrough curve for a particular solute with an influent concentration 
C^. As given, the solute or impurity is adsorbed most rapidly and effectively by the upper 
few layers of fresh carbon during the initial stages of operation. These upper layers are 
of course in contact with the solution at its highest concentration levels, C^. The smaU 
amounts of solute which escape adsorption in the first few layers of adsorbent are then 
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TABLE 6-3 

STATISTICAL COMPILATION OF IRON AND MANGANESE 

GROUNDWATER CONCENTRATIONS 

PARAMETER tt AVG MAX MIN STD L95% U95% ^ 

METALS (mg/L) 

Iron 3 1.980 2.120 1.840 0.140 0.000 2.328 
Mangnese 3 0.370 0.370 3.610 0.008 0.000 0.388 

NOTE: It ~ Number of samples used to compute respective statistics. 
AVG - Average of reported' values. 
MAX - Maximim of reported vlaues. 
M'lN - Minimun of reported vlaues. 
STD - Sample standard deviation. 
L95% - Lower bound 95% confidence interval limit. 
U9S'% - Upper bound 95% confidence interval limit. 
Analysis by KER. 
Table 6-3 developed from respective data given in Table 5-10 
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FIGURE 6-1 

COMPARISON OF INFLUENT AND EFFLUENT NAPHTHALENE 

CONCENTRATIONS FOR CMIBON COLUMN 1 
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FIGURE 6-2 

COMPARION OF INFLUENT AND EFFLUENT PHENOLIC 

CONCENTRATIONS FOR CARBON COLUMN 1 
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removed from solution in the lower strata of the bed, and especially no solute escapes 
from the adsorber initially (C = 0). The primary adsorption zone is concentrated near 
the top or influent end of the column. As the polluted feedwater continues to flow into 
the column, the top layers of carbon become practically saturated with solute and less 
effective for further adsorption. Thus the primary adsorption zone moves downward 
through the column to regions of fresher adsorbent. The wavelike movement of this zone, 
accompanied by a movement of the concentration front, occurs at a rate which is 
generally much slower than the linear velbcity of the water or wastewater. As the primary 
adsorption zone moves downward, more and more solute tends to escape in the effluent, 
as indicated in the sequence of schematic drawings in Figure 6-3. The plot of 
versus time (for a constant flow rate or volume of water treated) depicts the increase in 
the ratio of effluent to influent concentrations as the zone moves through the column. 
The breakpoint on this curve represents that point in operation where, for all practical 
purposes, the column is in equilibrium with the influent water, and beyond which little 
additional mass removal of solute wiU occur. Beyond the brealqroint, the solute 
concentration in the effluent increase rapidly to a value equal to that of the influent, Cg. 
At this point, the bed is exhausted. Generally, the adsorption capacity of carbon is 
established at the breakpoint. 

The method chosen for operation of a fixed-bed adsorber is dependent to a large 
extent on the shape of the curve given by plotting versus time or volume. As noted 
previously, this curve is referred to as a breakthrough curve. For most adsorption 
operations in water and wastewater treatment, breakthrough curves exhibit a characteristic 
S shape, but with varying degrees of steepness and position of breakpoint. Factors which 
affect the actual shape of the curve include all of the parameters discussed earlier (solute 
concentration, pH, rate-limiting mechanism for adsorption and nature of the equilibrium 
conditions, particle size, etc.) and, in addition, the depth of the column of carbon and the 
velocity of flow. As a general rule, the time to breakpoint is decreased by: (i) increased 
particle size of the carbon; (ii) increased concentration of solute in the influent; (iii) 
increased pH of the water; (iv) increased flow rate; and (v) decreased bed depth. If the 
total bed depth is smaller than the length of the primary adsorption zone required for 
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FIGURE 6-3 

SCHEMATIC REPRESENTATION OF THE MOVEMENT OF 

THE CARBON ADSORPTION ZONE AND THE RESULTING 

BREAKTHROUGH CURVE 
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effective removal of solute from solution, then the concentration of solute in the effluent 
will rise sharply from the time the effluent is first discharged from the adsorber. For each 
type of adsorption operation there exists a critical minimum carbon depth. 

With two columns operated in-series, it is possible to run the first column to die 
point of exhaustion with the second column ensuring continued adsorption within the 
adsorption zone. As long as the adsorption zone does not breakthrough in the second 
column effluent, this process will ensure maximum carbon utilization. 

Based on the naphthalene data in Figure 6-1, it is supported that the breakpoint for 
naphthalene did not occur during the 30 weeks of operation. During the time period 
between Week 17 (when naphthalene was first detected) and Week 30, the average 
influent naphthalene concentration was an order of magnitude higher than the effluent. 
Rather than drastically increase with time after a certain time period, the effluent 
naphthalene concentration increased veiy gradually^ This was most likely due to the fact 
that the front end of the adsorption zone was beginning to near the effluent end of the 
carbon column as previously illustrated in Figure 6-3. At Week 30, greater than 90 
percent of the applied naphthalene was still being adsorbed. Thus, while the breakpoint 
was most likely being approached, it had not yet been reached. However, as a 
conservative design estimate. Week 30 data will be used to estimate carbon usage based 
on naphthalene. It is also noteworthy that the anticipated 30-day average NPDES target 
concentration of 17 ug/L for Total Other PAH was exceeded on three occasions, but that 
the daily maximum value of 34 ug/L was slightly exceeded only at Week 30. 

Citing the phenolics data plotted in Figure 6-2, it can be argued that phenolics 
breakthrough occurred somewhere between Week 22 and Week 28 as a conservative 
estimate. As previously cited in Section 5.3 (Carbon Column Breakthrough Monitoring), 
determining an exact carbon exhaustion rate based on phenolics is difficult due to: (i) the 
influent phenolics concentrations being relatively low (i.e., only 6 to 8 times greater than 
the method detection limit of 0.005 mg/L), and (ii) the observed variability associated with 
phenolics analysis near these low concentrations. For item (i), the low phenolics (4-AAP) 
level measured in the influent to Carbon Column 1 may be due to some of the phenolics 
present in the pumped groundwater being partially oxidized by the KMnO^ added for Fe 
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and Mn oxidation. For item (ii), it is not known if the phenolics concentrations detected 
at Weeks IS and 17 is due to analytical interferences or not. At Week 22, it is supported 
that phenolics removal is still occurriiig and at Week 28, exhaustion is being reached. 

Referring to Table 6-2, Week 30 of the pilot-scale operation corresponds to a 
carbon usage of 0:096 lb. carbon/1,000 gallons treated based on naphthalene. 
Correspondingly for phenolics. Weeks 22 dirough 28 relate to a carbon exhaustion range 
of 0.133 to 0.103 lb. carbon/1,000 gallons treated. These values correspond to the same 
respective values given in Table S-1 for Carbon Colunm 1 at the same weeks specified. 

These carbon exhaustion rates can alternatively be expressed in terms of mass of 
chemical adsorbed per mass of the average influent concentrations of naphthalene and 
phenolics present in the groundwater applied to ACl for a specified time period. For 
naphthalene, an average applied naphthalene concentration of 541 ug/L for a 30-week 
time period represents an exhaustion rate of 0.047 lb. naphthalene adsorbed per lb. of 
carbon per the foUowing equation: 

0.047 lb. naphthalene 541 ug Naphthalene 0.096 lb. Carbon 
=, X (8.345x10^) • (6-1) 

lb. Carbon L Groundwater 1000 gallons treated 

with: 8.345 x 10^ being a conversion factor for ug/L to IbJ/gallon 

A very similar computation was performed for phenolics but with Week 22 and 
Week 28 data used to give a range of 0.0014 to 0.0018 lb. phenolics per lb. of carbon as 
cited in Table 6-2. 

In computing the carbon exhaustion rates for naphthalene and phenolics, the 
average influent concentration used was computed using all respective values measured in 
the sand filtration colunm effiuent (SFCEFF) applied to Carbon Colunm' 1 (ACl) during 
the pilot-scale testing. This data extended over 30 weeks of operation and included 11 
individual data points as previously cited in Table 5-6. Table 6-4 summarizes the 
statistical data for naphthalene, phenolics and other PAHs monitored. As with all 
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TABLE 6-4 

STATISTICAL COMPILATION OF COLUMN 1 INFLEUNT (SFCEFF) 

SAMPLING RESULTS 

PARAMETERS # AVG MAX MIN. STO L95% U95% 

CONVENTIONAL (mg/L): 
Phenollcsi{4-AAP) - 9 0.022 0.044 0.009 0.012' 0.013 0.030 

PAH by'HPLC (ug/L): 
Carbazole i 6 95.5 471 2.49 185 0 306 : 
Naphthalene 1 13 541 980 10.2 334 339 743 
Acenaphthylene 6 49.1 137 6i07 47 0 96 
Acenaphthene 9 36.9 68.0 14.4 22.9 19.4 54.6 
Fluorene 14 12.8 22.4 6.74 4.5 10.3 15.3 
Phenanthrene 14 7.36 13.4 1.81 2.9 5.7 9.0 
Anthracene 3 1.29 2.21 0.503 0.7 0.2 2.4 
Fluoranthene 3 0.378 0.560 0.218 0.172 0 0.805 
Pyrene 4 0.758 1.710 0.204 0.700 0 1.871 
Benzo(a)anthracene 1 0.033 0.033 0.033 
Chrysene NO 
Benzo(b)fluoranthene NO 
Benzo(k)fluoranthene NO 
Benzo(a)pyrene NO 
Dlbenzo(a,h)anthracene NO 
Benzo(g,h,l)perylene NO 
lndeno(l .2.3-c,d}pyrene NO 

Total Detectable PAH 609 1489 31 4,17 368 849 

Note: Sand Filter Column Effluent statlsticahdata througfi week 30. 
J - Number of samples used to computeirespectlve statlstlcs. 
AVG - Average of reported values. 
MAX - Maximum! reported value. 
MIN - Minimum reported value. 
STO - Sample standard deviation. 
U95<M> - Upper bound 95% confidence limit. 
L95% - Lower bound 95% confidence limit. 
NO - Not Detected. 
Table-developed from respective data given In Table 5-6 
Table 6-4 corresponds to Table B-4'ln the'Engineering Evaluation Report [il ]. 
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statistical results presented in this report the 95 percent confidence interval limits given 
were computed for the mean based on a Student-t distribution analysis with n-1 dbgrees 
of freedom assuming a normal distribution and unknown variances. Detailed discussions 
of this statistical compilation are provided elsewhere [7]. 

The fact that phenolics and naphthalene were the first and only two site chemicals-
of-interest detected in carbon column 1 effluent is consistent with published isotherm data 
which predicts that breakthrough of naphthalene and phenolics will occur prior to any 
other organic compounds present in the pumped groundwaters. Using published isotherm 
data and the respective pilot-scale influent average concentrations given in Table 6-4, the 
carbon exhaustion rate for phenolics is given at 0.0026 lb. phenolics adsorbed per lb. 
carbon and 0.102 lb. naphthalene adsorbed per lb. carbon for naphthalene. These 
empirically computed carbon adsorption rates are just slightly higher than those 
determined from the pilot-scale testing results. One reason for these differences is that 
the isotherm data used are based on single solute adsorption with the slightly lower pilot-
scale carbon adsorption rates due to competition for available adsorption sites from other 
solutes present in the groundwater. Also, carbon isotherm estimates assume complete 
carbon exhaustion while the pilot-scale results are based more on breakpoint data, this is 
especially the case for naphthalene. 

63 PERMTTIING CONSEDERATIONS 

As previously discussed in Section 2.0, in accordance with the agreement between 
Reilly and the City of St. Louis Park, Reilly must provide treatment of source and 
gradient control well discharge to allow routing to storm sewers by September, 1990; 
Routing of treated source and gradient control well discharges into storm sewers will 
require an NPDES permit. The RAP provides recommended NPDES permit limits which 
are assumed will' hold on the permit. The anticipated NPDES permit limits from the 
RAP are those previously cited in Table 2-1. Additionally, backwash water from the sand 
filter will require a POTW discharge permit 
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For NPDES permitting considerations, a single carbon column with a 25 minute 
empty bed contact time is assumed. This corresponds to treated efQuent from Carbon 
Column 3 (ACBEiFF): of the pilot unit. As such, the anticipated NPDES: permit limits 
were never exceeded based on the results presented in Section 5.3 under "NPDES Permit 
Sampling"! 

Focusing on specific issues, iron and manganese are of interest with regard to the 
permitting and treatment system operation. Permit concentrations for iron and manganese 
are expected to be near 1 mg/L each, based on previous discussions with the Minnesota 
Pollution Control Agencty. Sand filtration column effluent data indicate that iron and 
manganese concentration of less than 1 mg/L are easily achievable using KMnO^ chemical 
oxidation followed by sand fUtration. A single excursion exceeding the anticipated NPDES 
concentration limit for iron and manganese is attributable to overloading of the pilot sand 
filter during Week 2 of operation. Daily backwashing of the sand filtration column 
rectified this overloading condition. In terms of other parameters which may be 
permitted, analysis for respective conventional parameters (e.g., TSS, BODj), nutrients, 
metals, and priority pollutants during the pilot unit operation gave non-detectable 
concentrations for most and just above detectable concentrations for the rest of the 
chemicals-of-interest monitored. In addition, it is expected that the D.O. in the treatment 
system effluent will be greater than 2.0 mg/L. Lastly, a special note should be made for 
the case of the target NPDES phenolics (4-AAP) concentration of 0.01 mg/L. This value 
is just above the normal method detection limit of 0.005 mg/L. Thus, any slight 
interference with the analytical test method may indicate permit excess, when in fact it has 
not occurred. This is exactly what happened at Week 13. One effluent sample (Table 
5-10) had a phenolics concentration of 0.013 mg/L while a second effluent sample 
collected at the same time (Table 5-9) had a concentration of < 0.005 mg/L. Thus, any 
NPDES permit should account for this potential issue of phenolics analysis. 
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At this time, it is proposed to route backwash water from the sand filtration 
process into the POTW. Based on analysis of this stream, as well as the filtered solids for 
PAHs, there appears to be no major reason as to why this option cannot be pursued. 
Anatytical results which demonstrated near detectable BOD5 and TOC concentrations also 
support this claim. The associated Engineering Report i[l]: cites procedures and results of 
additional pilot-scalb sand filtration work which evaluated a continuous backwashing; type 
sand filter. 

A draft of an NPDES permit application for a full-scale treatment system, based 
on this pilot work performed, is provided elsewhere [2]. 
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7.0 SUMMARY AND CONCLUSIONS 

Laboratory and onsite pilot-scale treatability work was performed to evaluate 
combined treatment of three source control well (W23/W420/W421) discharges at a St. 
Louis Park, Miimesota site. Results of the testing performed can be summarized as 
follows: 

1. A system comprised of chemical oxidation/sand filtration pretreatment 
followed by activated carbon column treatment offers a technically viable and 
cost efficient treatment system. 

2. In terms of pretreatment, potassium permanganate (KMnO^) was found to 
be the best chemical oxidant for precipitation of iron and manganese at 
dosages of 1 mg KMnO^ per mg total iron and 2 mg KMnO^ per mg 
manganese. Downflow media filtration served to remove the precipitated 
iron and manganese species with sand, "FerroSand", anthracite/sand and 
anthracite/"FerroSand" all capable of serving as adequate media types at a 
hydraulic loading of approximately 1 gpm/ft^. 

3. In terms of water quality, KMnO^ oxidation/sand filtration pretreatment 
served to consistently reduce phenolics, total iron and total manganese 
groundwater concentrations to levels less than 0.2 mg/L and 0.3 mg/L, 
respectively. Total suspended solids concentrations in the sand filter effluent 
were near the detectable limit of 1 mg/L. No appreciable reductions were 
measured for TOC and PAHs via sand filtration. 

4. The pilot-scale pretreatment process was observed to work best with daily 
backwashing of the sand filter. Analyses of the backwash flow showed it to 
contain just detectable TOC, BODj and PAH concentrations and appreciable 
TSS levels. No PAHs were measured on filtered backwash solids. These 
analyses serve to support that POTW discharge of the backwash stream firom 
<the sand filter in a full-scale treatment system offers a viable option. On a 
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daily basis, the baclcwash flowrate should represent approximately 5 to 15 
percent of the groundwater flow applied to the treatment system. 

5. After pretreatment for iron and manganese removal, activated carbon 
column treatment is well suited for organics removal: At an empty bed 
contact time (EBCT) of 7.5 minutes and a hydraulic loading of 2.9 gpm/ft^, 
carbon exhaustion is estimated within a range of 0.133 to 0.096 lb. 
carbon/1000 gallons treated. These two values respectively correspond to 
carbon exhaustion loadings of 0.0014 lb. phenolics/lb. carbon and a 0.047 
lb. naphthalene/lb. carbon. Phenolics and naphthalene were used to 
calculate exhaustion loadings because they were detected in the treated 
effluent from the first in series carbon column at levels exceeding their 
respective NPDES anticipated 30-day target levels. This is not surprising 
since naphthalene is the PAH compound present in the groundwater at the 
highest concentration, and both phenolics and naphthalene are predicted to 
breakthrough first based on isotherm data analysis. 

6. In terms of NPDES permitting considerations, activated carbon column 
treatment with an EBCT of 25 minutes represents a technically viable 
treatment alternative. Pilot-scale test results support that effluent from the 
treatment ^tem should contain non-detectable PAHs at a reporting limit 
of 0.01 /tg/L, less than 0.5 mg/L metals (iron, manganese), no detectable 
nutrients, near detectable conventional parameters (e.g.,, TOG, BODj), a pH 
between 6 to 9, and a dissolved oj^gen concentration greater than 2.0 mg/L 
Also, any permit should account for potential analytical interferences with 
phenolics (4-AAP) analysis which could give the anticipated target level of 
0:01 mg/L being exceeded when in fact it is not Possibly, make the level 
0.05 mg/L 

7. For operational monitoring purposes, it was substantiated through the 
analytical treatability work performed that PAH analysis by HPLC can be 
used in place of comparable, but more costly, GC/MS analysis. 
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APPENDIX A 

ANALYnCAL PARAMETER LIST 
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TABLES A-4a THROUGH A-4e; PRIORITY 
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4c: Priority Pollutant List from the Clean Water ACT 
Pesticides/PCB's by GC/MS 

4d: Priority Pollutant List from the Clean Water ACT 
Metals 

4e: Priority Pollutant List from the Clean Water ACT 
Miscellaneous 



A-1 

CONVENTIONAiyMETALS/NUTRIENT ANALYSES 

PARAMETER METHOD METHOD DETECTION LIMIT 
(mg/L) 

CONVENTIONAL: 1 1 
1 1 

PH 
1 1 
1 EPA 150.1 1 • • 1 

BOD-5 1 EPA 405.1 1 1 1 
COD 1 EPA 410.4 1 10 1 
Hardness 1 EPA 130.2 1 1 1 
Oil and Grease 1 EPA 413.1' 1 5 1 
TDS 1 EPA 160.1 1 1 1 
TOC 1 EPA 415.1 \ 1 1 
Phenolics 1 4-AAP 1 0.005 1 
TSS 1 EPA 160.2 j 

1 1 
1 1 

METALS: 
1 1 
1 1 
1 1 

Iron-Totel 
1 1 
1 EPA 200.7 1 0.1 1 

Iron-Ferrous 1 8N 315B 1 0.1 1 
Iron Filtered 1 EPA 200.7 1 
Manganese 1 EPA 200.7 1 

1 1 
0.015 1 

NUTRIENTS: 
1 i 
1 1 
1 1' 

Ortho-Phoaphete 
1 1 
1 EPA 365.2 |: 5 i 

Anmonla 1 EPA 350.1 1 1 1 
Nitrate ,| EPA 353.2 1 0.02 I 
Nitrite 1 EPA 353.2 1 0.02 1 

NOTE: AnalysM by KER. 
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TABLE A-2 

SLP-PAH LIST 
(GC/MS SELECTIVE ION METHOD - SIM) 

PARAMETER LIQUID METHCO DETECTION' 
LIMIT (ug/L) 

SOLIDS METHOD 'DETECTION 
LIMIT (us/L) , 

POTENTIAL 1 1 
CARCINOGENS 1 1 

1 
Qulnolfrw 

1 
1 0.01 

1 
330 1 

Benzo(a)anthracene 1 0.01 330 1 
Chrysena 1 0.01 330 1 

1 0.01 330 1 
Banze(k)flueranthana 1 0.01 330 1 
Benzol alpyraiw 1 .0.01 330 1 
Indenod ,2,3-c,d)pyrena 1 0.01 330 1 
Dlbenz(a,h)anthracena 1 0.01 330 1 
Bcnzo(s,h,f)pyrena 1 0.01 

1 
330 1 

1 
OTHER PAHS 

1 
1 

1 
1 
1 

2,3-Benzofuran 
1 
1 0.01 

1 
330 1 

2.3-OHI t 0.01 330 1 
Indana 1 0.01 330 1 
Haphthalcna 1 0.01 330 1 
Banzo(b)thfophene 1 0.01 330 1 
Indole 1 0.01 330 1 
2-Nathylnaphthalena 1 0.01 330 1 
1 -Nothyl'nephthalena 1 0.01 330 1 
BIphenyl I. 0.01 330 1 
Acenaphthylena 1 0.01 330 1 
Acenephthena 1 0.01 330 1 
Olbenzofuren 1 0.01 330 1 
Pluorena 1 0.01 330 1 
Dibenzothfcphena 1 0.01 330 1 
Phenanthrene 1 0.01 330 1 
Anthracene 1 0.01 330' 1 
Acrldina 1 0.01 330 1 
Carbazole j. 0.01 330 j 
Fluoranthena 1 0:01 330 1 
Pyrena |, 0.01 330 I 
Benzo(e)pyrena jl 0.01 330 1 
Parylena 1 0.01 330 I 
7,12-D1aathylbeiizanthracena jl 0.01 330 1 
Oibenz(a,c)anthracena jl 0.01 330 1 
3-Nethylcholanthrena r 0.01 330 1 

NOTE: Nnalytat by RNAL 
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A-3 

PAH ANALYSES BY HPLC 

PARAHETER NETHGO NETHCO DETECTION LIMIT 
(ug/L) 

Acenaphthens | EPA 624 1 2 1 
Acenaphthylene ;| 1 2 1 
Anthraeane '| 1 0-5 1 
Banzo(a)anthracane | J 0.02 1 
8anzo(b)fluoranthane ,| 1 0.02 1 
Banzo(K)fluoranthane J 1 0.02 1 
Banzo(B,h,1')parylana | 1 0.05 1 
Banzo(a)pyrane j 1 0.02 1 
Carbazola J 1 2 1 
Chrysana | 1 0.15 1 
Dfbanzo(a;h)anthracana >| 1 0.03 1 
Fluoranthana | 1 0.2 1 
Fluorana | 1 0.2 1 
Indano(1,2,3'Cd}pyrana' | 1 0.05 1 
Naphthalane | 1 2 1 
Phananthrana | 1 0.5 1 
Pyrana | 1 0.2 |l 

NOTE: Analyses by KER. 
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TABLE A-4a 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
VOLATILES BY GC/MS 

PARANETER METHOD METHOD DETECTION LIMIT 
(ug/L) 

Acnolein 1 EPA 624 >1 5 1 
Aeryloniitri'ile 1 1 5 1 
Benzene 1 1 5 1 
Bromofonn 1 J 5 1 
Broinodl ch loromethane 1 1 5 1 
Bromomethana 1 1 10 1 
Canfaon tetrschl'orfde 1 1 5 1 
Chlorobenzene i 1 5 1 
Chloroethsne 1 >1 10 1 
Chlorodlbromomethane 1 1 5 1 
2-Chloroethyl Vinyl Ether 1 1 10 1 
Chloroforn 1 1 5 1 
i1,1-D1chloroethane 1 1 5 1 
1,2-Dichloraethane 1 i 5 1 
1,1-D1chloroethylene 1 1 5 1 
1,2-D1chloropropene 1 1 5 1 
c-1,3*dfchloropropylene 1 1 5 1 
t-1,3-dlchloropropylene 1 1 5 1 
Trans-1,2-D1chIoroethylene 1 1 5 1 
1,2-D1phenylhydraz1na 1 1 5 1 
Ethylbenzene 1 1 5 1 
Methylene chloride 1 1 5 1 
1,1,2,2-Tetrachloroethane 1 1 5 1 
TetrachIoroethylene 1 1 5 1 
Toluene 1 1 5 1 
1,1,1-Tr1chloroethane \- 1 5 1 
1,1,2-TrIchloroethene 1 1 5 1 
Trichloroethylene 1 1 s 1 
Vinyl Chloride 1 1 10 :| 

Note: Analyses, fay KER. 
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TABLE A-4b 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
SEMI-VOLATILES BY GC/MS 

PARAMETER METHOD METHOD DETECTION LIMIT 
(ug/L> 

A-Bromophenyt phenyl ether 
Butyl benzyl phthalate 
4-Chlore-3-nMthylphenel 
2-ChIoronaphthaIene 
2-Chlorophenol 
4-Chlorophenyl phenyl ether 
Chrysene 
DI-n-Butylphthalate 
Of-n-Cctylphthalate 
Dibenzola,h)anthracene 
1.2-01 ch I or obenzeno 
1,3*0Ichlorobenzene 
1,4-0lchlorobenzene 
Benzidine 
Benzo(a)anthracene 
Benzo(a)pyrene 
Acenaphthene 
Acenaphthylene 
Benzo (b) fluoranthene 
Benzo (g,h,i) perylena 
Benzo (k) fluoranthene 
Bia (2-chloroethoxy) nathane 
Bia (2-chloroethyl) ether 
Bia (2-ethylhexyl) phthalate 
3.3-Dichlorobenzidlne 
Diethyl phthalate 
OloMthyl phthalate 
2.4-DinethyIphenol 
4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2,4-Oinitrotoluane 
2.6-Dinttrotoluane 
Fluoranthene 
Fluorene 
Hezachlorobenzene 
Hcxachlorotautadiene 
HexachIoroeyeIopentedl ene 
Hexachloroethane 
Indeno (1,2,3,*cd> pyrene 
laophorone 

EPA 625 10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
80 
10 
10 
10 
10 
10 
10 
10 
10' 
10 
10 
20 
10. 
10 
10 
50 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Note:. Analyses by KER. 
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TABLE A-4b cont. 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
SEMI-VOLATILES BY GC/MS 

PARAMETER METHOD NETHCO DETECTION LIMIT 
(ug/L) 

1 N-Nltrosodlpropylaiiiine | 1 10 1 
1 N-Nltrosodlmethylaiains j 1 10 1 
|! N-Nftrosodtphenylanine | I 10 I 
|, Naphthalene j 1 10 1 
1 Nitrobenezne | 1 10 1 
1 2-Nitrophenol | 1 10 1 
|< 4-Nitrophenol j 1 50 i 
1' Pentachlorophenol | 1 SO 1 
1 Phenanthrene | 1 10 1 
1' Phenol I 1 10 1 
1 Pyrene | 1 10 I 
i 2,4.6-Trfchlorophenol j 1 10 1 
1 1,2,4-Trtchlorobenzeno j 1 10 1 

Note: Analyses by KER. 
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TABLE A-4c 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
PESTICIDES/PCB's BY GC/MS 

PARAMETERS METHOD METHOD DETECTION LIMIT 
(ug/L) 

ATdrfn 1 EPA 608 ,| 0.05 1 
Dieldrfn 1 1 0.1 1 
Chlordane 1 1 0.5 1 
4,4'-DDT 1 1 0.1 1 
4,4'-DDD 1 1 0.1 1 
Endosulfan I 1 1 0.05 1 
Endosulfan II 1 1 0.1 1 
Endosulfan Sulfate 1 1 0.1 1 
Endrln 1 1 0.1 1 
Endrin aldehyde 1 1 0.1 1 
Heptachlor 1 1 0.05 1 
Heptachlor epoxide 1 1 0.05 1 
BHC (alpha) 1 1 0.05 1 
BHC (beta) 1 1 0.05 1 
BHC (ganina) 1 1 0.05 1 
BHC (delta) 1 1 0.05 1 
Toxaphene 1 i 1 1 
PCS 1242 1 1 0.5 1 
PCS 1254 1 1 1 1 
PCB 1221 1 1 0.5 \ 
PCB 1232 1 1 0.5 1 
PCB 1248 1 1 0.5 1 
PCB 1260 1 1 1 1 
PCB 1016 1 1 0.5 1 

Note: Analyses by KER 
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TABLE A-4d 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
METALS 

PARAMETERS METHOD METHOD DETECTION LIMIT 
(ins/L) 

Antimony 1 EPA 204.2 1 60 1 
Arsenic 1 EPA 206.2 1 10 1 
Berylllus 1 EPA 200.7 1 5 1 
Csdnlun 1 EPA 200.7 1 5 1 
ChrofflluD 1 EPA 200.7 1 10 1 
Copper 1 EPA 200.7 1 25 1 
Lead 1 EPA 239.2 1 5 1 
Mercury 1 EPA 245.1 1 0.2 1 
Nickel 1 EPA 200.7 1 40 1 
SelenluB 1 EPA 270.2 1 5 1 
Silver 1 EPA 200.7 1 10 1 
ThaDllus 1 EPA 279.2 1 10 1 
Zinc 1 EPA 200.7 1 20 1 

Mote: Analyses fay KER. 
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TABLE A-4e 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
MISCELLANEOUS 

PARAMETERS NETHOO NETHCO DETECTION LIMIT 
(mg/L) 

1 Phenol fcs 1 4-AAP |, 0.005 
,1 Cyanide t EPA 335.3 | 0.01 

Note: Analyses by KER 
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ATTACHMENT 1 

INITIAL CHARACTERIZATION 



Ens€ 
Polynucilear Aromatiiic Hydrocarbons, SIM 

PAH SIM 

Client Name: REMEDIATION TECHNOLOGIES, INC. 
Client ID': W 23 
Lab ID: 002872-0001-SA Enseco ID: 1022615 
Matrix: AQUEOUS Sampled: 30 NOV 88 Received: 01 DEC 88 
Authorized': 01 DEC 88 Prepared: 02 DEC 88 Analyzed: 15 OEC 88 

Wet wt. Reporting 
Parameter Result Units Limit 

2,.3-Benzofuran NO ng/L 1000 
2,.3-DihydrO'iindene 8600 ng/L 1000 
Indene 2300 ng/L 1000 
Naphthalene 16000 ng/L 1000 
Benzo(b}thiophene 3800 ng/L 1000 
Qu.inoline ND ng/L 1000 
IH-Indole ND ng/L 1000 
2-Methylnaphthalene 2400 ng/L 1000 
1-Methyl naphthalene 6000 ng/L 1000 
Biphenyl 2100 ng/L 
Acenaphthylene 1700 ng/L 

Naph'tha.lene-d8 ND % 
Fluorene-dl'O ND % 
Chrysene-dl'2 ND % 

NO-Not Detected 
NA-Not Appil icable 

1000 
1000 

Acenaphthene 9300 ng/L 1000 
Dibenzofuran 4700 ng/L 1000 
Fluorene 7500 ng/L 1000 
Dibenzothiophene ND ng/L 1000 
Phenanthrene 8300 ng/L 1000 
Anthracene ll'OO ng/L 1000 
Acridine ND ng/L 1000 
Carbazole 1500 ng/L 1000 
Fluoranthene 2900 ng/L 1000 
Pyrene 2500 ng/L 1000 
Benzo(a)'anthracene ND ng/L I'OOO 
Chrysene ND ng/L 1000 

fluoranthene ND ng/L 1000 
fluoranthene ND ng/L 1000 

Benzo 
Benzol . 
7,12-Oimethylbenz-

anthracene ND ng/L 1000 
Benzo 
Benzo 
Perylene ND' ng/L 1000 

ipyrene ND ng/L 1000 
pyrene ND ng/L 1000 

3-Methyl>cholanthrene ND ng/L 1000 
Dibenz(a,:h 
Dibenz(a,'C ^wwv 
:Benzo(g,h, )>perylene ND ng/L 1000 
Indeno(l,2,3-c,d')pyrene ND ng/L 1000 

anthracene ND ng/L 1000 
anthracene ND ng/L 1000 

Reported By: Jay Garamone Approved By: Jeff Lowry 

The cover letter is an integral part of this report. 
Rev 230787 



Polynucllear Aromatic Hydrocarbons, SI'M 

PAH SIM: 

Client Name: 
Client ID: 
lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDIATION liECHNOLOGIES, INC. 
W 420' 
002872-0002-SA Enseco ID: 1022616 
AQUEOUS Sampled: 30 NOV 88 
01 DEC 88 Prepared: 02 DEC 88 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzol bi)thiophene 
Qui noil line 
IH-Indole 
2-Methyl naphthalene 
1-Methyl naphthalene 
Biphenyl 
AcenaphthyTene 
Acenaphthene 
Oibenzofuran 
FTuorene 
Dibenzothlophene 
Phenanthrene 
Anthracene 
Acrldine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo.(a) anthracene 
Chrysene 
Benzo b)fluoranthene 
Benzo k)fluoranthene 
7,12-Dlmethylbenz-

anthracene 
pyrene 
pyrene 

Benzo 
Benzo 
Perylene 
3-MethylChoianthrene 
Dibenz(a,h anthracene 
Dibenz(a,c anthracene 
Benzo (g,h,1)>perylene 
IndenoUi2iJ-c,d)pyrene 

Naphthailene-dB 
Fl<uorene-dlO 
Chrysene-dl2 

Result 

ND 
130000 
120000 
500000 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Received: 01 DEC 88 
Analyzed: 19 DEC 88 

Reporting 

100000 
100000' 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 

100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 

ND-Not Detected 
NA-Not Applicable 

Reported By: Jay Garamone Approved By: Jeff Lowry 

The cover letter is aa integral part of this report. 
Rev 230787 



Polynuclear Aromatic Hydrocarbons, SIM 

PAH SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized': 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
W 421 
002872-0003-SA Enseco ID: 1022617 
AQUEOUS Sampled: 30 NOV 88 
01 DEC 88 Prepared: 02 DEC 88 

2,3-Benzofuran 
2.,3-Dihydroindene 
Irtdene 
Naphthalene 
Benzo(b}thiophene 
Qu.inoline 
IH-Indoile 
2'Methyl naphthalene 
1'Methylmaphthalene 
Bfphenvl 
Acenapnthylene 
Acenaphthene 
Dl'benzofuran 
FTuorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridl.ne 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)'anthracene 
iChrysene 
Benzo('b fluoranthene 
Benzork fluoranthene 
7,12-Dimethylbenz-

anthracene 
Benzo(e}pyrene 
Benzo(a}pyrene 
Peryliene 
3-Methylcholanthrene 
Dibenz(a,h 
Dibenz(a,c 
Benzo(g,h, 

anthracene 
anthracene 
Iperylene 

I ndeno (1., 2,3 - c ,.d} pyrene 

Naphthalene-d8 
F1 uorene-dlO 
Chrysene-d'12 

Result 

ND 
170000 
140000 
600000 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

X 
X 
X 

Received: 01 DEC 88 
Analyzed: 19 DEC 88 

Re 
.imlt 

100000 
100000 
100000 
lOQOOQ 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 

100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 

ND-Not Detected 
NA-Not Applicable 

Reported iBy: Jay Garamcne Approved By: Jeff Lowry 

The cover Tetter Is an integral part of this report. 
Rev 230787 



KEYSTONE ENVIRGNriENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 12/20/88 AT 10:30 PAGE 

SAMPLE « RSLT. LNE SOURCE 

FERROUS IRON 
88120090 Farrau-s I.ron. mg/L. . 0. 129 
88120049 Ferrous Iron. mg/L. . 0. 148 
88120048 Ferrous Iron. mg/L. . : 2. 82 
NITRATE 
88120048 Nitrate as N. mg/L.. : <0.020 
88120049 Nitrate as N. mg/L.. : <0.020 
88120090 Nitrate as N. mgi/L. . : <0.020 
NITRITE 
88120048 Nitrite as N. mg/L.. : <0.020 
88120049 Nitrite as N. mg/L.. : <0.020 
88120090 Nitrite as N> mg/L.. : <0.020 
ORTHOPHQSPHATE AS P 
88120048 Phosphate(0)asP.mg/L : <0.100 
88120049 Phosphate(0)asP.fflg/L : <0.100 
88120090 Phospha.te(0)asPifflg/L : <0.100 
TOTAL ORGANIC CARBON 
88120048 TOC. mg/L 6.86 
88120049 TOC. mg/L 6. 93 
88120090 TOC. mg/L 3.69 
TOTAL DISSOLVED SOLIDS 
88120048 Total DSeiSOC. mgVL. : 644 
88120049 Total DS8180C. mg/L. : 996 
88120090 Total DS8180C. mg/L. : 342 
SUSPENDED SOLIDS (TOTAL. FIXED & VOLATILE) 
88120048 Total 88 8103C. mg/L. : 10.0 
88120048 Fixed 88 «S90C.mg/L. : 7.00 
88120048 Volatile SS. mg/l 3:00 
88120049 Total SS «103C.mg/L. : 6.00 
88120049 Fixed SS 89900. mg/L. : 3.00 
88120049 Volatile SS. mg/l 3.00 
88120090 Total SS 8103C.mg/L. : 8.77 
88120090 Fixed SS 89900. mg/L. : 8.77 
88120090 Volatile 8S. mg/l : <1.00 
PH 
88120048 pH. units 7. 1 
88120049 pH. units 7.2 
88120090 pH. units 7.4 
CHEMICAL OXYGEN DEMAND.(TOTAL) 
88120048 COD (Total), mg/l 16.0 
88120049 COD (Total), mg/l : <10.0 
88120090 COD (Total), mg/l 90.0 
AMMONIA 
88120048 NH3 as N. mg/L : <1.00 
88120049 'NH3 as N. mg/L : <1.00 
88120090 NHS as N. mg/L : <1.00 

W23 
W421 
U420 

U420 
W421 
U23 

U420 
W421 
U23 

U420 
W421 
U23 

U420 
W421 
U23 

U420 
U421 
'W23 

U420 
U420 
U420 
U421 
W421 
U421 
U23 
U23 
U23 

U420 
W421 
U23 

W420 
W421 
U23 

U420 
U421 
W23 



KEYSJONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 12/20/88 AT 10:31 PAGE 

SAMPLE # RSLT. LNE SOURCE 

GREASE. TOTAL RECOVERABLE. GRAVIMETRIC 
88120048 Oil & Grease. mg/L. . <9. 00 U420 
88120049 Oil SI Grease. fflg/L. . <9. 00 U421 
88120090 Oil Si' Grease. fflg/L. . <6. 00 U23 
TOTAL RECOVERABLE PHENOLICS (AS PHENOL) 
88120048 Phenol. flig/L. , 0. 033 U420 
88120049 Phenol. fflg/L. . 0. 039 U421 
881-20090 Phenol. mg/L. . 0.006 W23 



KEYSTONE ENVIRONMENTAIL RESOURCES, INC. 

TABLE 2: SUMMARY OF METALS DATA, PRODUCED ON 12/20/88 AT 10:31 PAGE 

SAMPLE » RSLT.LNE SOURCE 

IRON (TOTAL) 
88120048 Iron-Total I ug/l : 2320 U420 
88120049 Iron-Total, ug/l : 1310 U421 
88120090 Iron-Total, ug/l : 1310 U23 
MANGANESE (TOTAL) 
88120048 Manganese, ug/L : 466 'W420 
88120049 Manganese, ug/L : 287 U421 
88120090 Manganese, ug/L : 82:8 'U23 



/ 

KEYSTONE ENVIRONMENTAL RESOURCES. INC. 
aae 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 01/25/89 AT 16:07 PAGE 

SAMPLE tt iRSLT. LNE SOURCE 

TOTAL RECOVERABLE PHENOLICS (AS PHENOL) 
08120975 Phenol, mg/L 
08120976 Phenol. mg/L 
00120977 Phenol. mg/L 

<0. 005 RTSLP-U23 
0. 041 RTSLP-W420 
0. 033 RTSLP-W421 



KEYSTONE ENVIRONMENTAL RESOURCES. INC 
Page- 1 

TABLE 2: SUMMARY OF LC610 DATA 

Sample: 88120973 

Date Collected: 12/28/88 
Date Received: 12/29/88 

Date Extracted: 12/30/88 
Date Analyzed: 01/14/89 

Source: RTSLP-W23 
Description: WATER SAMPLES 

Clean up Method 

silica giel cl.ean-up. 
flori.sil clean-up 
alumina clean-up 
sulfur clean-up 

_yes 
_yes 
_yes 
_yies 

_no 
_no 
_no 
no 

Poly<nuclear Aromatic Hydrocarbons 

Acenaphthene 
Acenaphthylene. . . . 
Anthracene 
Be.nzO'( a) anthracene 
Benzo'(a)pyrene. . . . 
BenzoXb)fluoranthene 
Benzo'( g> h. i ) pery lene 
BenzoX k)fluoranthene 
Chrysene 
Dibenz (ah )anthrac>ene 
Fluoranthene 
Fluorene 
Indeno (123-cd )p'yrene 
Ph.enanthrene 
Pyrene 

21. 4 
13. 2 
1. 83 
0. 233 
0. 028 
0. 024 
<0. 030 
<0. 020 
0. 283 
<0. 030 
2. 48 
9 . 28 
<0. 030 
9. 92 
2. 00 

Other Polynuclear Aromatic Compounds tested: 
Carbazole : 2.61 
Naphthalene : 28.8 

The above results are reported in ug./L . 

All' LC610 identifications are from retention data only. 



/ 

KEYSTONE ENVIRONMENTAL RESOURCES. INC 

o Page- 2 

TABLE 2: SUMMARY OF LC610 DATA 

Sample: 88120976 

Date Collected:: 
Date Received: 

12/28/88 
12/29/88 

Date Extracted: 12/30/88 
Date Analyzed: 01/14/89 

Source: RTSLP-U420 
Description: WATER SAMPLES 

Clean up Method 

silica gel clean-up. 
florisil clean-up 
alumina clean-up 
sulfur clean-up 

_yes 
_«es 
_yea 
_yes 

_no 
_no 
_no 
no 

Polynuclear Aromatic Hydrocarbons 

o 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene. . 
Benzo (a )'pyirene 
Benzo(,b )-f luoranthene 
Benzo'(g.'hi i>perylene 
Benzoic fc }'f luoranthene 
Chrysene 
Dibenz(ah)anthracene 
Fluoranthene 
Fluorene 
Indeno (123-cd >p'yrene 
Phenanthrene 
Pyrene 

34. 1 
61. 7 
<0. 500 
<0. 020 
<0. 020 
<0. 020 
<0. 050 
<0. 020 
<0. ISO 
<0. 030 
<0. 200 
6. 83 
<0. 050 
3. 41 
<0. 200 

Other Polynuclear Aromatic Compounds tested: 
Carbazole : INTERFEREN 
Naphthalene : 626 

The above resultS' are reported tn ug/L . 

All LC610 identifications are from retention data only,. 

o 



KEYSTQNE ENVIRONMENTAL RESOURCES, INC 
Page- 3 

TABLE 2: SUMMARY OF LC610 DATA 

Sample: 88120977 

Date Collected: 12/28/88 
Date Received: 12/29/88 

Date Extracted: 12/30/88 
Date Analyzed: 01/15/89 

Source: RTSLP-W421 
Description: WATER SAMPLES 

Clean up Method 

silica gel clean-up. 
florisil clean-up . 
alumina clean-up 
sulfur clean-up 

_yes 
_yes 
.yes 
.yes 

_nO' 
no 
_no 
no 

Polynuclear Aromatic Hydrocarbons 

Acenapihthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene. . 
Benzo(a)p'yrene 
Benzo(b >fluoranthene 
Benzo(g, h, i )'pery lene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(ah)anthracene 
Fluoranthene 
Fluorene 
Indeno(123-cdIpyrene 
Phenanthrene 
Pyrene 

12. 6 
44. 2 
<0. 500 
<0. 020 
<0. 020 
<0. 020 
<0. 050 
<0. 020 
<0. 150 
<0. 030 
<0. 200 
2. 90 
<0. 050 
1. 22 
<0. 200 

Other Polynuclear Aromatic Compounds tested: 
Carbazole : INTERFEREN 
Naphthalene : 424 

The above results are reported in ug/L . 

All LCAIO identifications are from retention data only. 

i-».t I . • . . - .to • a*' •. < I 



APPENDOX B 

ATTACHMENTS 

PRETREATMENT/SAND FILTRATION 



KEYSTONE ENVIRONMENTAL RESOURCES, INC. 

TABLE OF CONTENTS PRODUCED ON 12/28/08 AT 07:26 PAGE 

SAMPLE « SOURCE DESCRIPT DATE-COL DATE-REC ORD # 

88120094 
88120099 
88120096 
88120097 
88120098 
88120099 

U420 INF 
M420 EFF 
W421 INF 
W421 EFF 
U23 INF 
W23 EFF 

RTSLP PRETREATMENT ,E 
RTSLP PRETREATMENT E 
RTSLP PRETREATMENT E 
RTSLP PRETREATMENT E 
RTSLP PRETREATMENT E 
RTSLP PRETREATMENT E 

12/02/88 
12/02/88 
12/02/88 
12/02/88 
12/02/88 
12/02/88 

12/02/88 
12/02/88 
12/02/88 
12/02/86 
12/02/88 
12/02/88 

M8812019 
M8812019 
M8812019 
M8812019 
M8812019 
M8812019 



KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA P'RODUCED ON 12/28/88 AT 09: 26 PAGE 

SAMPLE » RSLT. LNE SOURCE 

FERROUS IRON 
88120094 Ferrous Iron. mg/L. 

'Ferrous Iron. mg/L. 
Ferrous Iron. mg/L. 
iFerrous Iron. mg/L. 
Ferrous Iron. mg/L. 
Ferrous Iron. mg/L. 

TOTAL DISSOLVED SOLIDS 
88120094 Total 0S8180C. mg/L 

Total DS818GC. mgi/L 
Total DSei80C. mgi/L 
Total 0S8180C. mg/L 
Total 0881800. mg/L 
Total 0881800. mg/L 

88120099 
88120096 
88120097 
88120098 
88120099 

88120099 
88120096 
88120097 
88120098 
88120099 

<0. 100 
<0. 100 
<0.100 
<0. 100 
<0. 100 
<0. 100 

613 
632 
649 
698 
328 
329 

U420 INF 
U420 EPF 
W421 INF 
U421 EPF 
'U23 INF 
W23 EFF 

U420 INF 
U420 EPF 
U421 INF 
U421 EPF 
U23 INF 
U23 EFF 



o KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 2: SUMMARY OF METALS DATA PRODUCED ON l'2/2S/88 AT 09:27 PAGE 

SAMPLE • RSLT. LNE SOURCE 

IRON (TOTAL) 
88120094 Iron-Total. ug/L. . . . 2780 U420 I^F 
88120099 Iron-Total. ug/L. . . . 232 U420 EPF 
88120096 Iron-Total. ug/L. . . . 1390 W421 I^F 
88120097 Iron-Total. ug/L. . . 119 W421 EPF 
88120098 Iron-Total. ug/L. . . . 1060 U23 INF 
88120099 Iron-Total. ug/L. . . . 291 U23 EFF 
MANGANESE (TOTAL) 
88120094 Manganese. ug/L 640 W420 lUF 
88120099 Manganese. ug/L 19. 9 W420 EFF 
88120096 Manganese. ug/L 273 U421 IhF 
88120097 Manganese. ug/L .... <19. 0 W421 EPF 
88120098 Manganese. ug/L 48: 8 U23 INF 
88120099 Manganese. ug/L <19. 0 W23 EFF 

o 

o 
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KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/02/89 AT 09:59 PAGE 

SAMPLE # RSLT. LNE SOURCE 

TOTAL DISSOLVED SOLIDS 
89010833 Total DSGl'SOC. mg/L. 639 INT 
89010834 Total DSeiSOCi mg/L. 636 PSF 
89010835 Total DSei'SOC. mg/L. 142 PSAF 
89010836 Total DSG180C. mg/L. 648 PGSF 
89010837 Total 0S8180C. mg/L. 613 PGSAF 
89010838 Total 0601800. mg/L. 619 PALSF 
IRON (TOTAL) 
89010833 Iron-Total. ug./L. . . . 1630 INT 
89010834 Iron-Total. ug./L.. . . 124 PSF 
89010835 Iron-Total. ug/L. . . . <100 PSAF 
89010836 Iron-Total. ug/L. . . . 165 PGSF 
89010837 Iron-Total. ug/L. . . . <100 PGSAF 
89010838 Iron-Total. u.g/L. . . . 668 PALSF 
MANGANESE (TOTAL) 
89010833 Manganesa. ug/L 379 INT 
89010834 Manganese. ug/L 161 PSF 
89010835 Manganese. ug/L 81.4 PSAF 
89010836 Manganese. ug/L 184 PGSF 
89010837 Manganese. ug/L 43. 2 PGSAF 
89010838 Manganese. ug/L 595 PALSF 



APPENDIX B 

ATTACHMENT 3 

ACT EVALUATION/COMPOSITE SAMPLES 



Polynuclear Aromatic Hydrocarbons, SIM 

PAH SIM 

Client Name: REMEDIATION TECHNOLOGIES, INC. 
Client ID: Flit. 2 well comp 
Lab ID: 003284-0001-SA Enseco I'D: 1025815 
Matrix: AQUEOUS Sampled: 09 JAN 89 
Authorized: 11 JAN 89 Prepared,: 11 JAN 89 

Parameter 

2,3-Benzofuran 
2,3-01hydro<1ndene 
Indene 
Naphithal ene 
BenzoCb)th1ophene 
Qui noil I ne 
IH-Indole 
2-Methylinaphthalene 
1-Methy1inaphtha1iene 
Bl'phenyl 
Acenapnthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothlophene 
Phenanthrene 
Anthracene 
Acrldlne 
Carbazole 
Flluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo blfluoranthene 
Benzo k fluoranthene 
7,12<D1methy'libenz-

anthracene 
Benzo e)pyrene 
Benzo. a),pyrene 
Perylene 
3-MethyTcholanthrene 
D1benz(a,h 
D1benz(a,c 
Benzo(g.,h, 

anthracene 
anthracene 
),peryl ene 

Indeno(lt2f3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

Result 

ND 
37000 

ND 
140000 
28000 

ND 
23 
ND 
ND 
ND 
27 
ND 
ND' 
ND 
58 

250 
ND 
ND 

13000 
82 
55 
26 
28 
14 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 

63.7 
198 
38.2 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
,ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Received: 11 JAN 89 
Analyzed: 17.JAN 89 

Report ling 
Limit 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
I'O 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10' 
10 
10 
10 
10 
10 
10 

ND-Not Detected 
NA-Not Applicable 

Reported By: "Phillip Tallarico Approved By: Jeff Lowry 

The cover letter is ani integral part of this report. 
Rev 230787 

mm 



KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/02/89 AT 13:07 PAGE 

SAMPLE « RSLT. LNE SOURCE 

TOTAL RECOVERABLE PHENOLICS CAS 
89010320 Phenol. mg/L 
89010321 Phenol. mg/L 
89010322 Phenol. mg/L 
89010323 Phenol. mg/L 
TOTAL ORGANIC CARBON 
89010320 TOC. mg/L 
89010321 TOC. mg/L 
89010322 TOC. mg/L 
89010323 TOC. mg/L 
TOTAL DISSOLVED SOLIDS 
89010320 Total DSei80C. mg/L. 
89010321 Total DSai80C. mg/L. 
89010322 Total DSeiSOC. mg/L. 
89010323 Total DSeiSOC. mg/L. 
IRON (TOTAL) 
89010320 Iron-Total, ug/l 
89010321 Iron-Total. ug/L. ... 
89010322 Iron-Total. ug/L. . . . 
89010323 Iron-Total. u,g/l 
MANGANESE (TOTAL) 
89010320 Manganese. ug/L 
89010321 Manganese.. ug>/L 
89010322 Manganese. ug/L 
89010323 Manganese. ug/L 

PHENOL) 
0. 042 INIT 2 UELL COM 
0. 030 INIT 3 WELL COM' 
0. 007 FILT 2 UELL COM 
<0. OOS FILT 3 UELL COM 

4. 87 INIT 2 UELL COM 
2. 86 INIT 3 UELL COM 
4. 14 FILT 2 UELL COM 
3. 03 FILT 3 UELL COM 

712 INIT 2 UELL COM 
369 INIT 3 UELL COM 
861 FILT 2 UELL COM 
643 FILT 3 UELL COM 

1890 INIT 2 UELL COM 
1640 INIT 3 UELL COM 
<100 FILT 2 UELL COM 
163 FILT 3 UELL COM 

430 INIT 2 UELL COM 
287 INIT 3 UELL. COM 
47. 3 FILT 2 UELI COM 
218 FILT 3 UELL COM 
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Polynuciliear Aromatic Hydrocarbons, SIM 

PAH SIM 

GHent Name: 
GHent ID: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDIATION TEGHNOLOGIES, ING. 
FiTt. 3 well comp 
003284-0002-SA Enseco ID: 102581)6 
AQUEOUS Sampled: 10 JAN 89 
11 JAN 89 Prepared: 11 JAN 89 

2,3-Benzofuran 
2,3-Oiihydroindene 
Indene 
Naphthalene 
Benzo(b)thiophene 
Quinotine 
IH-Indole 
2-Methyl naphthalene 
1-Methyl naphthalene 
Siphenvl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dtbenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazolie 
Fliuoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo' b) fl uoranthene 
Benzo Ic) fl uoranthene 
7,,12-Oimethylbenz-

anthracene 
Benzo <e)pyrene 
Benzo a)pyrene 
Perylene 
3-Methylcholanthrene 
Dibenz(a,h 
Dibenz(a,c 
Benzo(g,h, 

anthracene 
anthracene 
)perylene 

Indeno(l,2,3-c,d)pyrene 

Naphtha1ene-d8 
Fluorene-dlOi 
Chrysene-dl2 

Result 

190 
12000 
11 

56000 
12000 

ND 
ND 

380' 
2000 
260 
ND 

1600 
330 
380 
44 
230 
ND 
ND 

9600 
99 
58 
ND 
12 
ND 
ND 

ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
NO 

40.8 
402 
36.8 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ngA 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

X 
% 
% 

Received!: 11 JAN 89 
Analyzed!: 17 JAN 89 

Repor^ting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

ND-Not Detected 
NA-Not Applicable 

Reported By: Phillip TalTarIco Approved By: Jeff Lowry 

The cover letter 1s an Integral part of this report. 
Rev 230787 



KEYSTONE ENVIRONMENTAL RESOURCES. INC 
Page- 2 

TABLE 2: SUMMARY OF LC610 DATA 

Sample: 89010321 

Date Collected: 01/10/89 
Date Received!: 01/11/89 

Data Eit.racted: 01/11/89 
Date Analyzed: 01/31/89 

Source: INIT 3 WELL COM 
Descrliption: WATER SAMPLES 

Clean up Method 

sil.ica gel clean-up. 
florisil clean-up 
alumina clean-up 
sulfur clean-up 

_y.es 
.yes 
lyes 
_yes 

_no 
_no 
_no 
no 

Polyinuclear Aromatic Hydrocarbons 

Acenaphthene 3. 28 
Acenaphth.y lene 22. 0 
An.thracien.e <0. 500 
Benzo(a)anthracene.... 0. 024 
Benzo(a>p'yrene <0. 020 
Benzo(b)fluoranthena.. <0. 020 
Benioig. h,. i )pery lene.. <0. 030 
Benzo(ik)fluoranthena.. <0. 020 
Chrysene <0. 130 
Dibenz(ah)anthracene.. <0. 030 
Fluoranthene 0. 287 
Fluorene 2. 02 
Indeno(123-cdi)pyrene.. <0. 030 
Phenanthrene 1. 03 
Py.rene <0. 200 

Other Polynuclear Aromatic Compounds tested: 
Carbazole : INTERFERENCE 
Naphthalene 137 

The above results are reported in ug/L . 

All LC610 identifications are from retention data only. 



/ 

PoTynudear Aromatic Hydrocarbons, SIM 

PAH SIM 

Client Name: REMEDIATION TECHNOLOGI€S, INC. 
Client ID: ATC 3 WELL EPF 
Lab ID: 003625-0001-SA Enseco IDi: 1028223 
Matrix: AQUEOUS Sampled: 14 FEB 89 
Authorized: IS FEB 89 Prepared: 20 FEB 89 

Received: 15 FEB 89 
Analyzed: 24 FEB 89 

Parameter 

2,3-Benzofuran 
2,3,-Diihydrolndene 
Indene 
Naphthalene 
>BenzoCb}th.iophene 
Quinoline 
IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
F1uorene 
Dibenzothriophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo( a.) anthracene 
Chrysene 
Benzo 
Benzo 

fluoranthene 
fluoranthene 

7,r2-Dimethylbenz 
anthracene 

Benzo e}pyrene 
Benzo (a.) pyrene 
Perylene 
3-MethyiliChol anthrene 
Di benz(a,h)anthracene 
Dibenz'(a,c anthracene 
Benzo(g.h, )perylene 
I ndeno(1,2,3-c,d)pyrene 

Naphthaliene-d8 
Fliuorene-dlO 
Chrysene-dl2 

Resu'l t 

ND 
NO 
NO 
79 
NO 
NO 
NO 
13 
10 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NO 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 

112 
103 
58.0 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

X 
X 
X 

Reporting 

•10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10^ 
10 
10 
10 
10 

ND-Not Detected 
NA-Not Applicable 

Reported By: PhilHip Tallarico Approved By: Jeff Lowry 



l'-N0V-1989 Page 1 

Sumary of Analytical Results 

Date received: 3-GCT-19B9 Custoaer: ReTec Joo nane: I<l89-10.13 

Sanples 

Keystone ID 13-003 13-004 13-005 13-006 
Date Saiapled 2-0CT-1989 2-0CT-1989 I-QCT-1989 2-0CT-1989 
Custoaer ID MCa ACl-EFF WK29 AC2-EFF «K2a AC3-EFF WK2B SFC-EFF 

Paraaeters Units 

Phenol ag/L 0.013 0.006 0;005 0.017 

UC610 
Carbazole ug/L 2.08 <2.00 <2.00 471 
Naphthalene ug/L 25.3 <2.00 <2.00 980 
Acenaphthylene ug/L 14.0 <2.00 <2.00 <20.0 
Acenaphthene ug/L 6.11 <2.00 <2.00 <20.0 
Fluorene ug/L 0.750 <0.200 <0.200 22.4 
Phenanthrene ug/L <0.500 <0.500 <0.500 13.4 
Anthracene ug/L <0.500 <0.500 <0.500 1.20 
Fluoranthene ug/L <0.200 <0.200 <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 <0.200 0.854 
Benzola)anthracene ug/L <0.020 <0.020 <0.020 <0.020 
Chrysene u^L <0.150 <0.150 <0.150 <0.150 
Benzolb)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzolk)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzola)pyrene ug/L <0.020 <0.020 <0.020 <0.020 
Dibenzola,h)anthracene u^L <0.030 <0.030 <0.030 <0.030 
Benzo|g,h,i)perylene ug/L <0.050 <0.050 <0.050 <0.050 
Indeno|l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.050 

Li:6l0-SURR0GATES 
2-Fluorobiphenyl Z Recovery 88.6 75.7 82.1 Matrix Int. 
Benzolelpyrene Z Recovery 79.3 76.4 81.4 89.4 



APPENDIX B 

ATTACHMENT 4 

BREAKTHROUGH MONITORING 



28-rtPP-l';5? Page 1' 

aumniary of Analytical .Results 

Date, received: jO-11fiP-1989 Customer: ReTec Job name: MBT-03.136 

Samples 

Keystone ID 
Date Sampled 
Customer ID 

Parameters 

Biocnemical Qxygen Demand 
COD 
Ferrous Iron 
Hardness 
Ammonia Nitrogen as N 
Nitrite as N 
Nitrate as N 
Oil and Grease 
.pH 
Phenol 
Orthopnosphate 
Total .Dissolved Solids 
Total Organic Carbon 
Total Suspended Solids 
Sliver 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Iron 
Dissolved Iron 
Manganese 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Zmc 

136-001' 136-002 136-003 136-004 136-005 136-006 
:9-MAR-19B9 29-KAR-19B9 29-MAR-1989 29-MAR-1989 29-MAR-1789 29-MAR-1989 
INF-I AC3 EFF-I BNK-I MKl-INFTNK WKl-SFCEFF HKI-ACIEFF 

Units 

mg/L 5.43 <1.00 <1.00 N/A N/A N/A 
mg/L 16.0 <10.0 <10.0 N/A N/A N/A 
mg/L 0.411 <0.100 <0.100 0.166 <0.100 N/A 
mg/L 453. 443 <1.00 N/A N/A N/A 
mg/L <1.00 <1.00 a.oo N/A N/A N/A 
mg/L <0.020 <0.020 <0.020 N/A N/A N/A 
mg/L <0.020 <0.020 C.033 N/A N/A N/A 
mg/L <6.00 <6.00 <6.00 N/A N/A N/A 
units 7.9 7.8 6.5 7.4 7.2 N/A 
mg/L 0.074 <0.005 <0.005 <0.005 0.0380 • N/A 
mg/L <0.010 0.030 0.014 N/A N/A N/A 
mg/L 673 5b0 <1.00 N/A N/A N/A 
m^L 7.15 <1.00 <1.00 6.86 7.35 N/A 
mg/L 10.0 16.0 1.00 14.0 8.00 N/A 
ug/L <10.0 <10.0 N/A N/A N/A N/A 
ug/'L <10.0 <10.0 N/A N/A N/A N/A 
ug/L <5.00 <5.00 N/A N/A N/A N/A 
u^L <5.00 <5.00 N/A N/A N/A N/A 
ug/L <10.0 <10.0 N/A N/A N/A N/A 
ug/L <25.0 <25.0 N/A N/A N/A N/A 
ug/L 1840 <100 <100 1730 <100 N/A 
ug/L <100 <100 <100 <100 <100 N/A 
ug/L 374 33.9 <15.0 3480 21.5 N/A 
ug/L <40.0 <40.0 N/A N/A N/A N/A 
ug/L <10.0 <10.0 N/A N/A< N/A N/A 
ug/L <60.0 <60.0 N/A N/A N/A •N/A 
ug/L <5.00 <5.00 N/A N/A N/A N/A 
ug/L <10.0 <10.0 N/A N/A N/A N/A 
u^L 85.4 <20.0 N/A N/A N/A N/A 



:B-APfi-l'9S5 Piae : 

3unDaf7 of Analytical Results 

Date received: 30-MAR-19B9 Custoner: ReTec Jco nane: MS9-03.126 

Keystone ID' 
Date Sanoled 
Customer ID 

Parameters 

Total Susoendeo acl'ics 

Samples 

136-007 ,136-008 136-009 
29-I1AR-19B9 29-K<AR-l989 29-PIAR-1959 
«iKl-AC2EFF MK1-AC3EFF UK1-3H1 

Units 

mg/L N/A N/H 1050 



2B-APR-1989 Page 3 

Suuary of Analytical Results 

Date neceived: 30-HAR-1989 Custoaer: ReTec Job naiie: M89-03'.i36 

Kevstone ID 
Date Saapled 
Custoaer ID 

Saaples 

136-001 136-002 
29-MAR-19B9 29-NAR-1989 
INF-I AC3 EFF-I 

Paraaeters Units 

6C608 
a-BHC ug/L <0.500 <0.050 
grBHC ug/L <0.500 <0.050 
brBHC ug/L <0;050 <0.050 
Heptachlor ug/L <0.050 <0.050 
d-BHC u^L <0.050 <0.050 
Aldrin, ug/L <0.050 <0.050 
Heptachlor epoxide ug/L <0.050 <0.050 
Endosulfan I ug/L <0.050 <0.050 
4,4'-DDE ug/L <0.100 <0.100 
Dieldrin ug/L <0.100 <0.100 
Endrin ug/L <0.100 <0.100 
4,4'-DDD ug/L <0.100 <0.100 
Endosulfan II ug/L <0.100 <0.100 
4,4'-DDT ug/L <0.100 <0.100 
Endrin' aldehyde ug/L <0.100 <0.100 
Endosulfan sulfate ug/L <0.100 <0.100 
Nethoxychlor ug/L <0.500 <0.500 
Chlordane ug/L <0.500 <0.500 
Toxaphene ug/L <1.00 <1.00 
PCB-1016 ug/L <0.500 <0.500 
PCS-1221 u^L <0.500 <0.500 
PCB-1232 ug/L <0;500 <0.500 
PCB-1242 ug/L <0.500 <0.500 
PCB-1248 ug/L <0.500 <0.500 
PCB-1254 ug/L <1.00 <1.00 
PCB-1260 u^L ' <1.00 <1.00 



28-flPR-l9B9 Page 4 

Suonary of Analytical Results 

Date received: 30-HAR-1989 Gustoner: ReTec Job naoe: MB9-43.13& 

Keystone ID 
Date Sanpled 
Custoaer ID 

Samples 

136-001 
29-MAR-19B9 
INF-1 

136-002 
29-MAR-19B9 
AC3 EFF-I 

136-003 
29-MAR-19B9 
DNK-I 

136-004 
29-«AR-19B9 
HKl-INFTNK 

136-005 
29-W«-1989 
UKl-SFCEFF 

136-006 
29-W«-1989 
NKI-ACIEFF 

Parameters Units 

LC610 
Carbazole ug/L 2.30 <2.00 N/A 2.38 2.49 <2.00 
Naphthalene ug/L 765 <2.00 N/A 866 743 <2.00 
Acenaphthylene ug/L 84.0 <2.00 N/A 40.6 34.0 <2.00 
Acenaphthene ug/L 48.9 <2.00 N/A 35.9 31.0 <2.00 
Fluorene ug/L 13.3 <0.200 N/A 12.5 9.83 <0.200 
Phenanthrene ug/L 7.21 <0.500 N/A 8.17 5.66 <0.500 
Anthracene ug/L <0.500 <0.500 N/A 2.65 <0.500 <0.500 
Fluoranthene u^L <0.200 <0.200 N/A- -- - <0.200 - - <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 N/A <0.200 <0.200 <0.200 
Benzo(a)anthracene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 N/A <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzo('k)fluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Denzo(a)pyrene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 N/A <0.030 <0.030 <0.030 
Benzo(g,h,i)perylene ug/l <0.050 <0.050 N/A <0.050 <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 N/A <0.050 <0.050 <0.050 



28-tfiR-19a9 Page S 

SuDuary of Analytical Results 

Date received: 30-NAR-i9e9 Custoner: ReTec Job nane: H89-03.13& 

Keystone ID 
Date Sanpled 
Custoaer ID 

Samples 

136-007 
29-NAR-19a9 
M(1-AC2EFF 

136-008 
29-MAR-i989 
'UK1-AC3EFF 

Parameters Units 

Lt:610 
Carbazole ug/L <2.00 <2.00 
Naphthalene ug/L <2.00 <2.00 
Acenaphthylene ug/L <2.00 <2.00 
Acenaphthene ug/L <2.00 <2.00 
Fluorene ug/L <0.200 <0.200 
Phenanthrene ug/L <0.500 <0.500 
Anthracene ug/L <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 
Benzola)anthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 
Benzolk)fluoranthene ug/L <0.020 <0.020 
Benzolalpyrene ug/L <0.020 <0.020 
Dibenzol a,h) anthracene u^L <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 
Indenod,2,3-c,d)pyrene ug/L <0.050 <0.050 



2a-flPR-l9B9 Page 6 

Suuary of Analytical Results 

Date received: 30-MAR-1989 Custoner: ReTec Job name: H89-03.;36 

Sanples 

Keystone ID 
Date Sanpled 
Custoner ID 

Paraneters 

136-001 
29-»WR-19B9 
INF-I 

136-002 
29-«AR-19fl9 
AC3 EFF-I 

Units 

HS624 
Chlorooethane 
Bronoaethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Trichlorofluoroaethane 
1,1-Oichloroethene 
1.1-Dichloroethane 
trans-1,2-Dichloroethene 
Chlorofoni> 
1.2-Dichloroethane 
111.1-Trichloroethane 
Carbon tetrachloride 
Broiodichloroaethane 
i,2-Dichlorapropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Benzene 
Dibroaochloroethane 
1.1.2-Trichlorothane 
trans-1,3-Dichloropropene 
2-Chloroethylviiiyl ether 
Bronofona 
1,1|2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 

ug/L <10.0 <10.0 
ug/L <10.0 <10.0 
ug/L 31.0 <10.0 
ug/L <10.0 <10.0 
ug/L 17.0 15.0 
ug/L <10.0 <10.0 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 40.0 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 110 <5.00 
ug/L 97.0 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <10.0 <10.0 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 57.0 <5.00 
ug/L 11.0 <5.00 
ug/L <5.00 <5.00 
u^L 79.0 <5.00 



0-03> Vfin BUBjAd 
.0-03> 1/fin BuaiKutJonij 
0*03> 1/fin aUB3BJl|^Ud' 
0*03> n/fin BUBjg;ueuBi|d 
0'03> 1/fin JBII;B jAuBqd TAuBqdovojg-^ 
0*03> l/6n BUBZUBqojOTipexBH 
0*03> 1/fin BUTRiAuagdiposoj^TN-Ni 
0-03> l/6n B;BT«MWilTAMt«0 
0*03> 1/fin BUBnTO;OJ^TUT0-^*3 
0*03> 1/8n jBq;8 TAuBgd xAuaqduoTio-fr 
0'03> n/6n BUBJOnid 
0'03> 1/fin BUBnxo;oj;TUTQ.9*z 
0-03> n/fin B^BjemMil T*i|»a"TD 
0*03> 1/fin BUBg^gdcuBsg 
0-03> Vfin auBxAg;i|deuB3v 
0'03> 1/fin BUBTcg;gdcuojoxg3-z 
0*03> 1/fin BUBTpeXUBd0X3A30B0Tg3CXBH, 
0*03> 1/fin Bueg^BB (AxogtB0J0xg3.3)STe 
0*03> 1/fin BUBxegxgacN 
.0*03> 1/fin Buojogdosj 
0*03> 1/fin BUBZUBqOJOXg3TJl.t'Z'.X 
0'03> 1/6n BUBTpB)nquoxg3exBH 
0-03> 1/fin BUBZUBqOJXTN 
0*03> 1/6n BUTBBXAdOJd-U-TpOSOJ^TN-N 
0-03> 1/fin jBg^B (ixAdojdo5TOJOxg3-3)5Tg 
0'03> 1/8n BUBZUBq0J0Xg3TQ.3*l' 
0-03> 1/fin jsg^B (xAg)30J0xg3.3)STg 
0'03> 1/fin BuegxBOJoxgsexBH 
0*03> 1/fin BUBZUBq0J0Xg3TQ.t*T 
0'03> 1/fin BUBZUBqojoxg3TQ.c'i 

SZ9SH 

s^TUfl sj3;ratje(l 

l-iS E3tf 
6B6T-liW-63 

300-9EI 

ssTdns 

QI JBBO^sno 
psTdms B;ea 
ai BU0»SXB)| 

9CrE0-6BH »"eu qof BBIB^ WBBO^sna 6B6T-»«-0£l SPSAWMJ 

s^insBU TBBT^ATeuv to ^lBnDn5 

i BDBd 6B&l-tidV-e3 



-2B-APR-1969 Pige a 

Sumary of Analytical Results 

Date received: 30-HAR-19B9 Custoaer: ReTec Job nane: HB9-03.136 

Sanples 

Keystone ID 136-002 
Date Saapled 29-MAR-1989 
Custoner ID ACS EFF-I 

Paraaeters Units 

MS625 (continued) 
Benzidine 
Butyl benzyl phthalate 
Bis(2-ethylexyl) pnthalate 
Chrysene 
Benzol a)anthracene 
3,3'-Dichlorobenzidine 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzola)pyrene 
Indeno(l,2,3-c,d)pyrene 
Dibenzola,h)anthracene 
Benzo(ghi)perylene 
N-Nitrosodiaethylaiiine 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Duethylphenol 
4,6-Dinitro-2-Bethylphenol 
2,4-DinitrophenoI 
2-Nitrophenol 
4-Nitrophenol 
4-Chloro-3-Mthylphenol 
Pentachlorophenol 
Phenol 
2,4,6-Trichlorophenol 
Di-n-butyl phthalate 
1,2-Diph^lhydrazine 

ug/L <200 
ug/L <20.0 
ug/'L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <40.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
u^L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
u^L <20.0 
ug/L <100 
ug/L <100 
ug/L <20.0 
ug/L <100 
ug/L <20.0 
ug/L <100 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 



;5^APfi-l509 Page 1 

Suoiuary of Analytical Results 

Date received; 4-APR-1989 

SaiiiDles 

Custoner: ReTec Joo naae: MB9-04'.6 

Keystone ID 6-lX)l 6-002 6-003 6-004 
Date Saapled 3-APR-19a5 3-APR-19B9 J-APR-19B9 3-APR-19B9 
CusToaer ID mi iNFm WK#2 3FCEFF WK»2 ACIEFF i«<#2 BN 1 

Paraaeters Units 

•Ferrous Iron sg/L <0.100 <^0.100 N/A N/A 
,pri 7.3 7.5 m N/A 
Phenol ng/L O.Dia 0.025 <0.005 N/A 
Total Organic Caroon ng/L 17.3 4.41' M/A N/A 
Total Suspended Solids og/L B.OO 4.00 N/A 362 
Iron u^L IfilO 6540 N/A N/A 
Dissolved Iron ug/L 1750 2180 N/A N/A 
Manganese ug/L 2280 7060 N/A N/A 



25-HrR-l7U9 Z 

SuiiiiDary cf Analytical Results 

Data recaiveQ: i-APR-l989 Customer: ReTac Joo name; >i89-04.a 

reysione ID 
uare aanplea 
Customer iii 

Sairples 

6-001 
3-APR-1969 
NK?2 INFTNK 

6-002 
3-APR-19b9 
^62 3FCEFF 

6-003 
3-A?fl-l9S9 

SikifZ KIEFF 

Parameters 

LC610 

uniis 

Caraazole ug/.L <2.00 <2.00 ^2.00 
Napnthalene ug/L 685 950 <2.00 
Acenaonthylene ug/L 39.9 44.9 <2.00 
Acenaphtnene ug/L 41.3 50.2 <2.00 
Fluorene ug/1 12.2 13.8 0.655 
Phenanthrene ug/L 7.47 9.16 0.830 
Antnracene ug/L <0.500 0.503 <0.500 
Fluoranthene ug/L <0.200 <0.200 :0.200 
Pyrene ug/.L <0.200 <0.200 <0.200 
BenzoCalanthracene u^L <0.020 <0.020 <0.020 
Chrysane ug/L <0.150 <0.150 <0.150 
Benzot.bj fluoranthene ug/L <0.020 <0.020 <0.020 
Senzoik)fluoranthene ug/L <0.020 <0.020 <0.020 
Benzol ajpyrene ug/L <0.020 <0.020 <0.020 
Dioenzoia,h)anthracene ug/.L <0.030 <0.030 <0.020 
Ben:o(g,h,ijoerylene ug/L <0.050 <0.050 <0.050 
Inaeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 



5-MY-19B9 Page 1 

SioMry of Analytical Results 

Date received: ll-APR-1989 Custoser: ReTec Job nase: ffi9-04.42 

Sasples 

Keystone ID 42-001 42-002 42-003 42-004 42-009 42-006 
Date Saapled iO-APR-I989 10-«iR-1989 lO-APR-1989 10-«IR-1989 lO-tfR-1989 lO-APR-1989 
CustOMr ID MKia INFIMC MKiS SFCEFF vaa ACIEFF HKI3 AC2EFF HKH/OFF ma BHl 

Paraseters Units 

Ferrous Iron ng/L <0.100 <0.100 N/A N/A N/A N/A 
PH units 7.3 7.4 N/A N/A N/A N/A 
Phenol ig/L 0.022 0.028 <0:009 <0.009 <0.009 N/A 
Total Organic Carbon ig/L 101 101 N/A N/A N/A N/A 
Total Suspended Solids ng/L 12.0 1.00 N/A N/A N/A 2270 
Iron ug/L 1700 <100 N/A N/A N/A N/A 
Dissolved Iron ug/L 1890 <100 H/A N/A N/A N/A 
Manganese ug/L 3390 169 N/A N/A N/A N/A 

LC&IO 
Carbazole ug/L <2.00 <2.00 N/A <2.00 <2.00 N/A 
Naphthalene ug/L 4.22 311 N/A <2.00 <2.00 N/A 
Acenaphthylene ug/L 4.93 17.3 N/A <2.00 <2.00 N/A 
Acenaphthene >ug/L 24.9 38.0 N/A <2.00 <2.00 N/A 
Fluorene ug/L 10.8 11.6 N/A <0.200 <0.200 N/A 
Phenanthrene ug/L 6.48 9.43 N/A <0.900 <0.900 N/A 
Anthracene ug/L <0.900 <0.900 N/A <0.900 <0.900 N/A 
Fluoranthene ug/L <0.200 <0.200 N/A <0.200 <0.200 N/A 
Pyrene ug/L <0.200 <0:200 N/A <0.200 <0.200 N/A 
Benzola)anthracene ug/L <0.020 <0.020 N/A <0.020 <0.020 N/A 
Chrysene ug/L <0.190 <0.190 N/A <0.190 <0.190 N/A 
Benzo(b)fluoranthsne ug/L <0.020 <0:020 N/A <0.020 <0.020 N/A 
Benzo(k)fluoranthent ug/L <0.020 <0.020 N/A <0.020 <0.020 N/A 
Benzo(a)pyrens ug/L <0.020 <0.020 N/A <0.020 <0.020 N/A 
Dibenzolavhlanthracene ug/L <0.030 <0.030 N/A <0.030 <0.030 N/A 
Benzo(g,h,i)perylene ug/L <0.090 <0^090 N/A <0.090 <0.090 N/A 
IndenoU ,2,3-c,d)pynene ug/L <0.050 <0.090 N/A <0.090 <0.090 N/A 
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Sunaary of Analytical' Results 

Date received: 18-APR-19S9 Custooer:iReTec Job nane: H89-04.85 

Samples 

Keystone ID 85-001 85-002 85-003 85-004 
Date Sampled 17-APR-1989 17-APR-1989 1'7-APR-1989 17-APR-1989 
Customer ID HKt4 INFTNK HK«4 SFCEFF UK»4 ACIEFF M(»4 BHl 

Parameters Units 

Ferrous Iron mg/L <0.100 <0.100 NR NR 
PH units 7.7 7.5 MR NR 
Phenol mg/L 0^007' 0.019 <0.005 NR 
Total Organic Carbon mg/L 6.14 11.7 VR NR 
Total Suspended Solids mg/L 15.0 <1.00 NR 394 
Iron u^t 1840 <100 NR 
Dissolved Iron ug/L 1820 <100 NR 
Manganese ug/L 4660 41.4 NR NR 

LC610 
Carbazole ug/L 34.8 <2.00 <2.00 Ml 
Naphthalene ug/L 8.18 110 <2.00 Ml 
Acenaphthylene ug/L <20.0 <2.00 <2.00 NR 
Acenaphthene ug/L 31.9 <2.00 <2.00 NR 
Fluorene ug/L 12.6 9.63 <0.200 Ml 
Phenanthrene ug/L 8.37 1.81 <0.500 Ml 
Anthracene ug/L <0.500 <0.500 <0.500 NR 
Fluoranthene ug/L <0.200 <0.200 <0.200 Ml 
Pyrene ug/L <0.200 <0.200 <0.200 NR 
Benzola)anthracene lug/L <0.020 <0.020 <0.020 NR 
Chrysene ug/L <0.150 <0.150 <0.150 Ml 
Benzo(b)fluonanthene ug/L <0.020 <0.020 <0.020 Ml 
Benzo(k)fluoranthene ug/L <0.020 <0.020 <0.020 Ml 
Benzola]pyrene ug/L <0.020 <0.020 <0.020 NR 
Dibenzola,h)anthracene ug/L <0.030 <0.030 <0.030 NR 
Benzo(g,h,i')perylene ug/L <0.050 <0.050 <0.050 NR 
Indeno(>l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 NR 
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O Suuaary of Analytical Results 

o 

Date received: lB-APR-1989 Custoaer: ReTec Job nane: MB9-04.B5 

Keystone 10 
Date Saapled 
Custoier ID 

Samples 

85-005 
17-APR-1989 
FEED TO' INFTNK 

o 

Parameters Units 

HS625 (continued) 
Benzidine ug/L <100 
Butyl benzyl phthalate >ug/L <10.0 
Bis(2-ethylexyl) phthalate ug/t 37.0 
Chrysene u^L <10.0 
Benzoia)anthracene ug/L <10.0 
3,3'-Dichlorobenz idine ug/L <20.0 
Di-n-octyl phthalate ug/L <10.0 
Benzo(b)fluoranthene ug/L. <10.0 
Benzo(k)fluoranthene ug/L <10.0 
Benzol a)pyrene 'ug/L <10.0 
'Indeno('I,2,3-c,d)pyrene u^L <10.0 
Dibenzola,h)anthracene ug/L <10.0 
Benzo(ghi)perylene ug/L <10.0 
N-Nitrosodimethylamine ug/L <10.0 
2-Chlorophenol ug/k <10.0 
2,4-Dichlorophenol ug/L <10.0 
2,4'-Dimethylphenol ug/L <10.0 
4,&-Dinitro-2-nethylphenol ug/L <50.0 
2',4-Dinitrophenol ug/L <50.0 
2-Nitrophenol ug/L <10.0 
4-Nitrophenol ug/L <50.0 
4-Chloro-3-ttethyIphenol ug/L <10.0 
Pentachlorophenol ug/L <50.0 
Phenol ug/.k <10.0 
2| 4,&-Trichlorophenol ug/L <10;0 
Di-n-butyl phthalate ug/L <10.0 
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Suwary of Analytical Results 

Date received: 2S-APR-1989 Custoeer: ReTec Job naae: NB9-04.119 

Saiples 

Keystone ID 119-001 119-002 119-003 119-004 119-006 119-006 
Date Saapled 24-Af)R-1989 24-APR-1989 24-APR-1989 24-APR-1989 24-APR-1989 24-APR-1989 
Custoner ID HKS INF TNK HKS ACl EFF HK5AC2EFF HKS AC3 EFF HKS EHl HKS SFC EFF 

Paraeeters Units 

Biochaieal Oxygen Deiand >g/L m Mi Mi <1.00 NR 
Ferrous Iron eg/L <0.100 NR Mi NR Mi <0.100 
PH units 7.2 Mi Mi Mi NR 7.6 
Phenol •g/L NR <0.006 <0.005 <0.005 Mi <0.005 
Total Organic Carbon ig/L S.Afl Mi NR Mi 49.9 5.59 
Total Suspended Solids eg/L 14.0 NR Mi Mi 970 <1.00 

Iron ug/L 1800 Mi NR NR Mi <100 
Dissolved Iron ug/L 1800 Mi NR NR Mi <100 
Manganese ug/L M80 Mi Mi Ml Mi 30.6 

LC610 
Carfaazole ug/L <2.00 <2.00 <2.00 <2.00 <2.00 Interference 
Naphthalene ug/L 631 <2.00 <2.00 <2.00 7.71 554 
Acenaphthylene ug/L 3.70 <2.00 <2.00 <2.00 <2.00 6.07 
Acenaphthene ug/L 19.0 <2.00 a.oo <2.00 3.55 19.9 
Fluorene ug/L 6.79 <0.200 <0.200 <0.200 2.15 6.74 
Phenanthrene ug/L 5.30 <0.500 <0.500 <0.500 1.87 4.76 
Anthracene ug/L <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 
Pyrene ug/L 0.262 <0.200 <0.200 <0.200 <0.200 <0.200 
Benzo(a)anthracene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Chrysenc ug/L <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzo(k)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzo(>a)pyrene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Dibenzola,h)anthracene ug/L <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 <0.060 <0.060 <0.060 <0.060 
Indenol1•2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.060 <0.060 <0.050 
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Sufflfflary of Analytical Results 

Date receivea; 2-rtAY-i989 Custoner: ReTec Job nane: 1189-05.19 

SaoDles 

Keystone ID 19-001 19-002 19-003 19-004 
Date Sanpledi 1-NAV-19B9 l-JIAY-1989 l-MAY-1989 l-NAY-1989 
Customer ID nK8 INFTNK UK6 SFCEFF HK6 ACIEFF IIIK6 BUI 

Parameters Units 

Ferrous Iron mg/L <0.100 <0.100 NR NR 
pHi units 7.4 7.B NR NR 
Phenol mg/L 0.009 0.009' <0.005 NR 
Total Organic Carbon mg/L 33.0 7.98 NR NR 
Total Susoended Solios mg/L 19.0 5.00 NR 11^0 
Iron ug/L 1790 <100 NR NR 
Dissolved Iron u^L <1U0 <100 NR NR 
Manganese ug/L S4M 25b NR NR 

LC&IO 
Carbazole ug/L <2.00 Interference <2.00 !NR 
Naphthalene ug/L 494 672 \2.00 NR 
Acenaphthylene ug/L Interference Interference <2.00 NR 
Acenaphthene ug/L 7.39 14.4 <2.00 NR 
Fluorene ug/L 5.84 11.4 <0.200 •NR 
Phenanthrene' ug/L 3.31 6.73 <0.500 NR 
Anthracene ug/L <0.500 <0.500 <0.500 NR 
Fluoranthene ug/L <0.200 <0.200 <0.200 NR 
Pyrene ug/L <0.200 <0.200 <0.200 NR 
Benzolalantnracene u^L <0;020 <0.020 <0.020 NR 
Chrysene ug/L <0.150 <0.150 <0.150 NR 
Benzolb)fluoranthene ug/L <0.020 <0.020 <0.020 NR 
Benzolkjfluonanthene ug/L <0.020 <0.020 <0.020 NR 
Benzo|a)pyrene ug/L <0.020 <0.020 <0.020 NR 
Dibenzola,h)anthracene ug/L <0.030 <0.030 <0.030 NR 
Benzolg,h,i)perylene ug/L <0.050 <0.050 <0.050 NR 
Indeno{l,2,3-c,d)pyr8ne ug/L <0.050 <0.050 <0.050 NR 

V 
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Sufflttary of Analytical Results 

Date neceived: 9-MAY-19E9 Custoaer: ReTec Job nane: iHB9-05.70 

Saaoles 

keystone ID 70-001 70-002 70-003 70-004 70-005 70-006 
Date Saopleo 8-«AY-1989 8-MAY-19B9 8-NAY-19S9 8-NAY-1989 B-KAY-1989 8-I1AY-19B9 
Custoaer ID «K7 INFTNK WK7 SFCEFF MK7 riClEFr «K7 ACIEFF H<7 AC3EFF HK7 BHl 

Pariaetars Units 

Ferrous Iron ag/L <0.100 <0.100 NR NR NR NR 
DM units 7.5 7.5 NR NR NR MR 
Phenol ag/L <0.005 0.044 <0.005 ^0.005 <0.005 NR 
Total Organic Canoon ag/l 0.59 6.99 NR NR NR 3.77 
Total Suscended Solios ag/L 29.0 3.00 NR NR NR 292 
Biocneaical Oxygen Deaand ag/i NR NR NR NR NR (1.00 
Iron ug/L 2010 150 NR NR NR NR 
Dissolved Iron u^L <100 <100 SR NR NR NR 
Hancanese ug/L 7G10 248 NR NR NR NR 

LC610 
Carbazole ug/L <2.00 Interference <2.00 <2.00 <2.00 <2.00 
Nacntnalene u^L 598 10.2 <2.00 <2.00 <2.00 4.31 

|Acenaphthylene ug/L Interference Interference <2.00 (2.00 <2.00 (2.00 
Acenaohthene ug/L 5.68 <2.00 <2.00 <2.00 <2.00 2.45 
Fluorene ug/L 4.45 13.1 <0.200 <0.200 <0.200 3.35 
Phenanthrene ug/L 3.22 4.72 <0.500 <0.500 <0.500 0.799 
Anthracene ug/L <0.500 2.21 <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 0.218 <0.200 <0.200 <0.200 <0.200 
Pyrene ug/L <0.200 0.262 <0.200 <0.200 <0.200 <0.200 
Ben:o(a)anthracene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 . <0.020 
Chrysene u^L <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzo(k)fluoranthene u^L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benz0(a)pvnene ug/L <0.020 <0.020 <0.020 <0.020' <0.020 <0.020 
Oibenzo(a,h) anthracene ug/L <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 
Benzolg«h,i)perylene ug/L <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 
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Sumary of Analytical ResultS' 

Date received: 16-I<IAY-19B9 Custoeer: ReTec Job naae: H89-05.98 

Saaples 

Keystone ID 98-001 98-002 98-003 98-004 
Date Saapled 15-MAY-19B9 15-MAY-1989 15-MAY-19B9 15r«AY-19B9 
Custooer ID HKS INFTNK NKB SFCEFF UKS'ACIEFF NKB BHl 

Parinetens Units 

Ferrous Iron ag/L <0.100 <0.100 NR Iffi 
PH units 7.5 7.5 NR NR 
Phenol •g/L ^0.005 <0.005 <0.005 NR 
Total Organic Carbon ag/L 7.35 7.16 NR NR 
Total Suspended Solios ag/L 15.0 1.00 NR 522 

Iron ug/L 1880 <100 NR NR 
Dissolved Iron ug/L 1920 <100 NR NR 
Manganese u^L 5050 160 NR >NR 

LCBIO 
Carbazole ug/L 23.7 18.7 <2.00 NR 
Naphthalene ug/L 691 732 <2:00 NR 
Acenaphthylene ug/L <20.0 <20.0 <2.00 NR 
Acenaphthene ug/L <20.0 <20.0 <2.00 NR 
Fluorene ug/L 10.6 9.25 <0.200 NR 
Phenanthrene ug/L 7.09 7.02 <0.500 NR 
Anthracene ug/L <0;500 <0.500 <0.500 NR 
Fluoranthene ug/L <0.200 <0.200 <0.200 NR 
Pyrene ug/L <0.200 0.204 <0.200 
Benzola)anthracene ug/L <0.020 <0.020 <0.020 NR 
Chrysene u^L <0.150 <0.150 <0.150 NR 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 m 
Benzo(k)fluoranthene ug/L <0.020 <0.020 <0.020 NR 
Benzo(.a)pyrene ug/L <0.020 <0.020 <0.020 NR 
Dibenzol a,'h) anthracene u^L <0.030 <0.030 <0.030 NR 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 <0.060 m 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 NR 

V. 
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Sunary of Analytical Results 

Date received: 23-mY-19B9 Custoner: ReTec Job naae: H89-05.130 

Sanples 

Keystone ID 130-001 130-002 130-003; 130-004 130-005 130-006 
Date Saapled 22-MAY-19B9 22-NAY-1989 22-MAY-19a9 22-MAY-1989 22-NAY-1989 22-lttY-1989 
Custooer ID H(9-AC1 EFF. H(9-AC2 EFF. NK9-AC3 lEFF. , HK9-INFTHC HC9-SECEFF M(9-BH1 

Paraneters Units 

Biocheaical Oxygen Deaand •g/L Hi NR NR NR NR 9.15 
Ferrous Iron sg/L NR NR NR <0.100 <0.100 NR 
PH units NR NR NR 7.3 7.4 NR 
Phenol •ag/L 0.003 <0.005 <0.005 0;024 0.009 NR 
Total Organic Carbon ag/L Hi NR NR 7.48 8.52 78.4 
Total Suspended Solids ag/L NR NR NR 17.0 3.00- 952 
Iron. u^L Hi NR NR 1710 <100 Hi 
Dissolved Iron ug/L NR NR NR 1700 <100 NR 
Manganese ug/L NR Hi NR 3&10 94.6 NR 

LC610 
Canbazole ug/L <2.00 <2.00 <2.00 <2.00 Interference ^2.00 
Naphthalene u^L <2.00 <2.00 <2.00 57.2 876 462 
Acenaphthylene ug/L <2.00 <2.00 <2.00 Interference Interference Interference 
Acenaphthene ug/L <2.00 <2.00 <2.00 10.0 14.7 10.9 
Fluorene ug/L <0.200 <0.200 <0.200 9.97 11.3 9.23 
Phenanthrene ug/L <0.500 <0.500 <0.500 6.48 8.25 6.99 
Anthracene ug/L <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 . <0.200 <0.200 <0.200 <0.200 <0.200 
Pyrene u^L <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 
Benzol a)anthracene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzolk)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzola)pyrene ug/L <0.020 ^ <0.020 <0;020 <0.020 <0.020 <0.020 
Dibenzo('a,'h) anthracene u^L <0.030 <0.030 <0.030 <0.000 <0.030 <0.030 
Benzolg,h,i)perylene ug/L <0.050 <0.060 <0.050 <0.050 <0.060 <0.050 
Indenol1,2,3-c,dipyrene ug/L <0.050 <0.060 <0.060 <0.050 <0.050 <0.050 

<-
V 



30-JUN-19S9 Pigs : 

Suanary of Analytical 'Results 

Date received: 6-J11N-19B9 Custoner: ReTec Joo nune: l<l89-06.25' 

Sanples 

Keystone 10 25-001 25-002 
Date Sampled 5-JUN-i9B9 5-JUN-i9B9 
Customer ID HKll ACl EFF HKll AC2 EFF 

Parimeters Units 

Phenol mg/L <0.005 <0.005 

LCBIO 
Carbazole ug/L <2.00 <2.00 
Naphthalene ug/L <2.00 <2.00 
Acenaphtnylene u^L <2.00 <2.00 
Acenaphthene ug/L <2.00 <2.00 
Fluorene ug/L ^O.^jO <0.200 
Phenanthrene ug/L ^0.500 <0.500 
Anthracene ug/'L ^0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pynene ug/'L <0.200 <0.200 
Benzo(a)anthracene ug/L <0.020 <0.020 
Chrysene ug/L ^0.150 <0.150 
Benzo(b}.fluoranthene u^L ^0.020 <0.020 
Benzo(k)fluoranthene ug/L <0.020 <0.020 
Benzol a)pyrene ug/L <0.020 <0.020 
Dibenzo(a,h)antnracene u^L <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 
Indeno(l>,2,3-c,a)pyrene ug/L <0.050 <0.050 
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Suiuary of Analytical Results 

Date received: 20-JUN-1989 Gustoier: ReTec Job name: na9-))6.99 

Saaples 

Keystone ID 99-001 99-002 99-003 99-004 
Date Sanpled 19-3UN-19B9 19-JUN-1989 19-JUN-I9fl9 19-JUN-1989 
Custoner ID HK13 ACl EFF HK13'iAC2 EFF HK13 AC3 EFF HK13 SCF EFF 

Piraneters Units 

Phenol >g/L 0.01b 0.007 <0.005 0.016 

LC610 
Caroazole ug/L ^2.00 <2.00 <2.00 9.12 
Naphthalene ug/L <2.00 <2.00 <2.00 583 
Acenaphthylene u^L <2.00 <2.00 <2.00 55.6 
Acenaphthene ug/L <2.00 <2.00 <2.00 44.7 
Fluorene ug/L <0.200 <0.200 <0.200 12.7 
Phenantnrene ug/L <0.500 <0.500 <0.500 8.73 
Anthracene ug/L <0.500 <0.500 <0.500 (0.500 
Fluoranthene ug/L <0.200 <0.200 <0.200 0.355 
Pyrene ug/L <0.200 <0.200 <0.200 <0.200 
Benzol a)anthracene ug/L <0.020 <0.020 <0.020 0.033 
Chrysene ug/L <0.150 <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
BenzolkIfluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzolalpyrene ug/L <0.020 <0.020 <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 <0;030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 <0.050 <0.050 
Indenol1,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.050 



17-JUL-19B9 Page 1 

Suaaary of Analytical Results 

Date received: 6-JIJL-1909 Custoaer: ReTec Job naae: 1189-07.16 

Saaples 

'Keystone lb 16-001 16-002 
Date Saaoled 5-JUL-19B9 5-JUL-19B9 
'Custoaer ID NK'15 ACl >EFF MK15 AC2' EFF 

Piraaeters Units 

Phenol ag/L 0.'007 <0.005 

LC610' 
Carbazole ug/L <2.00 <2.00 
Naphthalene ug/L <2.00 <2.00 
Acenaontnylene u^L <2.00 <2.00 
Acenaphthene ug/L <2.00 <2.00 
Fluorene u^L <0.200 <0.200 
Phenanthrene ug/L <0.500 <0.500 
Anthracene ug/1 <0.500 '.0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 
Benzo(a)anthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
BenzoChlfluoranthene ug/L <0.020 <0.020 
Benzolklfluoranthene ug/L <0.020 <0.020 
Benzo(a)pyrene ug/L <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 • 
Benzo(g,h,i}perylene ug/L <0.050 <0.050 
Indeno(t,2,3-c,d)pyrene u^L <0.050 <0.050 



l4-flUG-l9e'' Page 1 

Suiuiary of .Analytical Results 

Date peceivea; 13-JUL-1989 Custooer; ReTec Jooi naae: PIB9-07.72 

aanoles 

Keystone ID 72-001 72-002 72-003 72-004 
Date Sampled' 17-JUL-1989 17-JUL-1989 17-JUL-1989 17-JUL-19a9 
Customer ID •SK17-AC1 ,EFF WK17-AC: EFF NK17-AC3 EFF W<17-SFC EFF 

Parametars Units 

Phenol mg/L 0.006 0.00b <0.005. <0.005 

LCGIO 
Caroazole ug/L ^2.00 <2.00 <2.00 8.97 
Naphthalene ug/L 9.37 <2.00 <2.00 47.5 
Acenacnthylene u^L ^2.00 <2.00 '.2.00 137 
Acenaphthene ug/L t2.00 <2.00 <2.00' <20.0 
Fluorene ug/L <0.200 <0.200 \0.200 13.7 
Phenanthrene ug/L <0.500 <0.500 <0.500 11.0 
Anthracene u^L <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 <0.200 <0.200 
Pyrene u^L <0.200 <0.200 <0.200 <0.200 
Benza(a<)anthracene ug/L <0.020 <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 <0.150 <0.150 
Benzo(b).fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzo(k)>fluoranthene ug/L <0.020 <0.020 <0.020 <0i020 
Benzo(a)pyrene ug/L <0.020 <0.020 <0.020 <0.020 
Dibenzo(a,h)anthrac8r.e ug/'L <0.030 <0.030 <0.030 <0.030 
Benzo(g,h,ilperylene u^L \0.050 <0.050 <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene ug/.L <0.050 <0.050 <0.050 <0.050 



5-SEP-19B9 Page l 

SufflDary of Analytical Results 

Date received:' 1-AU6-1989 Custoeer: ReTec Job nane: H89-08.1 

Keystone ID 
Date' Sampled 
Customer ID 

Samples 

1-001 
31-JUL-1989 
WK19-AC1-EFF. 

1-002 
31-JUL-1989 
«K19-AC2-EFF. 

Parameters Units 

Phenol mg/L O.OOS <0.005 

[1C610 
Carbazole ug/L <2.00 <2.00 
Naphthalene ug/L 21.4 <2.00 
Acenapnthylene ug/L <2.00 <2.00 
Acenaphthene ug/L 2.77 . <2.00 
Fluorene ug/L 0.370 <0.200 
Phenanthrene ug/L <0.500 <0.500 
Anthracene ug/L <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 
Benzolaianthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
Benzolblfluoranthene ug/L <0.020 <0.020 
Benzolklfluoranthene ug/L <0.020 <0.020 
Benzola)pyrene ug/L <0.020 <0.020 
Dibenzola,h)anthracene ug/L <0.030 <0.030 
Benzo|g,h,i)perylene ug/L <0.050 <0.050 
Indeno|l,2,3-c,o)pyrene ug/L <0.050 <0.050 



14-SEP-1989 Page 1 

iSuuary of Analytical Results 

Date received: l5-AUe-1989 

Sanples 

Custoaer: ReTec Jobinaae: NB9-08.91 

Keystone 10 91-001 91-002 91-003 91-004 
Date Saipled 14-AUB-19fl9 14-AU6-1989 14-AU6-1989 14-AUG-19B9 
Custoner ID HK21-ACI-EFF HK21-AC2-EFF M(21-AC3-EFF NK21-SFC-EFF 

Paraaeters Units 

Phenol ag/L <0.005 <0.005 <0.005 0.012 

LC&IO 
Carbazole ug/L <2.00 <2.00 <2.00 <2.00 
Naphthalene ug/L <2.00 <2.00 <2.00 <2.00 
Acenaphthylene ug/L <2.00 <2.00 <2.00 <2.00 
Acenaphthene ug/L <2.00 <2.00 <2.00 31.a 
Fluorene ug/L <0.200 <0.200 <0.200 11.3 
Phenanthrene ug/L <0.500 <0.500 <0.500 6.96 
Anthracene ug/L <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 <0.200 <0.200 
Benzol a)anthracene ug/L <0.020 <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0;150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzo(lc) fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzo(a)pyrene ug/L <0.020 <0.020 <0.020 <0.020 
Dibenzo(a,h)anthracene u^L <0.030 <0.030 <0.030 <0.030 
Benzo(g,h,i]perylene ug/L <0.050 <0.050 <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene u^L <0.050 <0.050 <0.060 <0.050 



3^0MS89 

SuniBBy G£ ftalydcal Results 

Date iBOBued: 19-Gasi989 QsCanec: BeOtc Jtb IBBB: lfi9-10.109 

KE^stcne ID 109-OCS 10^004 109-005 109-006 
Date Sapled ixrr-1989 lXEP-1989 17-GCH989 17-QCT-1989 
Oisfxiner ID NK30 SFCEZF nCOiOSF HG0X2EFF W30JOEF 

Batanetecs Qiits 

EtBGl 0.500 0.500 0.500 0.500 

TPK^n 
Ovhvnie ug/ti 65.0 <2.00 0.00 <2.00 
Ib{]tttBlae 460 39.6 <2.00 O.OO 
Aoenafitl^lfine . <20.0 14.3 <2.00 <2.00 
ftsreiithene 88.0 <2.00 0.00 <2.00 
Flucsets 22.2 1.10 0.200 0.200 
EtEnanthsene «g/t 9.50 0.500 O.SOO 0.500 
AthOCHIB u^ 1.27 0.500 0.500 01500 
nirrattiss 0.560 0.200 0.200 0:200 
Pyiene 1.71 0.200 0.200 0.200 
Baiao(a)artliiacsne y^/L O.Q20 0.020 0.020 0.020 
Qsjrsets y^fL O.150 O.150 O.150 O.I50 
fienzo (b) flucaatthene y^L <0.020 0.020 0.020 0.020 
BanaoM fluocanthene 0.020 0.020' 0.020 0.020 
BaaD(ai)EyiaB y^L <0.020 0.020 0.020 O.Q20 
Dibenzo(a,h)arthiaoaE y^L 0.030 0.030 0.030 0:030 
Bena3(g^tvl)petyLene y^L 0:050 0.050 0.050 0.060 
Indanod, 2,3kvd)iyDene y^li 0.050 0:050 0.050 0.060 

ICOO^CROWRS 
2-fliCTirhiFhayl % Reczxeiy Ittzulkt. 105 79.2 83.9 
Betao(e)iviEne IBeoooezy 77.2 75.2 79.4 71.7 



APPENDIX B 

ATTACHMENT S 

NPDES PERMIT MONITORING 



?Ensec 
Polynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authori zed: 

INC. REMEDIATION TECHNOLOGIES, 
iRTSLP INF I 
004110-0001-SA Enseco ID: 1031<575 
AQUEOUS Sampled: 29 MAR 89 
30 MAR 89 Prepared: 31 MAR 89' 

Parameter Result 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo 
Quino' 

b>)thiophene 
ine 

I'H-Indole 
2-Methylinaphthalene 
1 -Methylinaphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridime 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo 
Benzo 

f1uoranthene 
f1uoranthene 

7,12-Dimethylbenz-
anthracene 

ND 
140 
120 
1200 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Benzo 
Benzo 

e}pyrene 
a)pyrene 

Perylene 
3-Methylcholanthrene 
Dibenz' 
Oibenz: 
Benzo( 
Indeno 

a,h. 

'h'' 

anthracene 
anthracene 
)perylene 

1,2,3-c,d)pyrene 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

ND 
ND 
ND 

ND-Not Detected 
NA-Not Applicable 

Received: 30 MAR 89 
Analyzed: 13 APR 89 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

% 
% 
% 

Re 
.imit 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 

Reported By: Michael GaTlIlk Approved' By: Jeff Lowry 



Poilynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Cliient Name: REMEDIATION TiECHNOLOGIES, INC. 
Client ID: RTSLP AC3-EFF-I 
Lab ID: 004106-0002-SA Enseco ID: 1031577 
Matrix: AQUEOUS Samplied: 29 MAR 89 
Authorized: 30'MAR 89 Prepared: 31 MAR'89 

Parameter 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo b)thiophene 
Qui no. ine 
IH-Indole 
2-Methy1lnaph>thalene 
1-Meithyl!naphtha1ene 
BiphenyT 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acrid.ine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzolb fluoranthene 
Benzo k fluoranthene 
7,12-Dimethylbenz-

anthracene 
Benzo 
Benzo. 
Perylene 

pyrene 
pyrene 

3-Meth 
Dibenz 
Dibenz 

rlchoilanthrene 

Benzo (g,h>, 

a.h 
a.c 

Indeno 

anthracene 
anthracene 
Iperylene 

l,2,3-c,d}pyrene 

Naphtha]ene-d8 
Fluorene-d'lO 
Chrysene'dl2 

Recei'ved: 30 MAR 89 
Analyzed: 03 APR 89 

Reporting 
Result Units Limit 

ND ng/L 10 
25 ng/L 10 
ND ng/L 10 
41 ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
>ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 

ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 

100 % % 
114 % % 
82.5 % % 

ND-Not Detected 
NA-Not Applicable 

Reported By: Michael Blades Approved By: Jeff Lowry 



^Ensec 
Polynuclear Aromatic Hydrocarbons., SIM 

Method 8270/SIM 

Client Name: REMEDIATION TECHNOLOGIES, INC. 
Client ID': 
Lab ID: 
Matrix: 
Authorized: 

RTSLP BNK I 
004106-0001-SA 
AQUEOUS 
30 MAR 89 

Enseco ID: 1031576 
Sampled: 29 MAR 89 
Prepared: 31 MAR 89 

Parameter Result 

2,3-Benzofuran 
2,,3-Dihydroindene 
Indene 
Naphthalene 
Benzoitbi)thiophene 
Quinot ine 
IH-Indole 
Z-Methylinaphthalene 
l-Methyllnaphtha.lene 
Biiphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Oibenzot'hiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 

fluoranthene 
fluoranthene 

7,12-Dimethylbenz-
anthracene 

BenzoCb 
Benzolk 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Benzo 
iBenzo 
Perylene 

e)pyrene 
a)pyrene 

3-Meth 
Dibenz 
Dibenz 

^Icholanthrene 
a,hi anthracene 
a,c)anthracene 

Indeno 
Benzo(g,h,i)perylene 

I,2,,3-c,d)pyrene 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

30.6 
36.4 
28.4 

ND-Not Detected 
NA-Not Applicable 

Received.: 30 MAR 89 
Analyzed: 03 APR 89 

Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
"S/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Re 
.imtt 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

% 
% 
% 

Reported' By: Michael Blades Approved By: Jeff Lowry 



Suuary of Analyticil Results 

Date received: 30-MAR-19fl9 Custooer: ReTec Job naee: M89-03.136 

Page I 

Saaoles 

Keystone 10 136-001 136-002 136-003 136-004 136-005 136-006 
Date Sauled 29-NAR-1989 :9-NAR-19B9 29-NAR-1989 :9-«AR-l969 :9-«AR-1989 :9-NAR-19e9 
Custour ID INF-I AC3 EFF-I BM<-I HKl-INFTW NKl-SFCEFF M(1-AC1EFF 

PariBeters Units 

BiocheBical Oxygen Deiand •g/L 5.43 <1.00 <1.00 N/A N/A N/A 
COO igrl lo.O <10.0 <10.0 N/A N/A N/A 
Ferrous Iron •g/l 0.411 <0.100 <0.100 0.166 <0.100 N/A 
Hardness •g/L 453 443 <1.00 N/A. N/A N/A 
AoBonia Nitrogen as N IB^L <1.00 <1.00 <1.00 N/A N/A N/A 
Nitrite as N •g/L <0.020 <0.020 <0.020 N/A N/A N/A 
Nitrate as N •g/L <0.020 <0.020 0.033 N/A N/A N/A 
Gil ud Grease •g/'L <6.00 <6.00 <6.00 N/A N/A N/A 
oH units 7.9 7.B 7.6 7.4 7.2 N/A 
Phenol •g/L 0.074 <0.005 <0.005 <0.005 0.0360 N/A 
Orthophosphate •g/L <0.010 0.030 0.014 N/A N/A N/A 
Total Dissolved Solios •g/L 673 5o0 <1.00 N/A N/A N/A 
Total Organic Carbon •g/L 7.15 <1.00 <1.00 6.86 7.35 N/A • 
Total Suspended Solids •g/L 10.0 16.0 1.00 14.0 8.00 N/A 
Silver ug/L <10.0 <10.0 N/A N/A N/A N/A 
Arsenic ug/'L <10.0 <10.0 N/A N/A N/A N/A 
Berylliia ug/L <5.00 <5.00 N/A N/A N/A N/A 
CadaiiA u^L <5.00 <5.00 N/A N/A N/A N/A 
Chroaiua ug/L <10.0 <10.0 N/A N/A N/A N/A 
Copper ug/L <25.0 <25.0 N/A N/A N/A N/A 
Iron ug/L 1840 <100 <100 1730 <100 N/A 
Dissolved Iron u^L <100 <100 <100 <100 <100 N/A 
Hanganese ug/L 374 33.9 <15.0 3480 21.5 N/A 
Nickel u^L <40.0 <40.0 N/A N/A N/A N/A 
Lead ug/L <10.0 <10.0 N/A N/A N/A N/A 
Antisony ug/1 <60.0 <60.0 N/A N/A N/A N/A 
SeleniuB' ug/L <5.00 <5.00 N/A N/A m N/A. 
Thalliui' ug/L <10.0 <10.0 N/A N/A N/A N/A 
Zinc ug/L 85.4' <20.0 N/A N/A N/A N/A 



Page 2 

Smary of Analytical Results 

Date received: 30-RAR-1989 Custoaer: ReTec Job naae: R89-03.I36 

Keystone ID 
Date Saeoled 
Custoaer ID 

Saaples' 

136-007 136-008 136-009 
29-mR-1989 29-HAR-1989 29-MR-1989 
M('1-AC2EFF H(1-AC3EFF M(1-8H1 

Paraaeters Units 

Total Suspended Solids ag/L N/A N/A 1050 



»-I> 00'T> 1/fin 09:i-83d 
oo-i> 00'I> l/6n KSI-aOd 

0K*0> OOS'O^ 1/6n »Il-nd 
00fi*0> OOS'O) 1/6n ZKI-83d 
00S'0> OOS'O) l/ta ZEZl-83d 
0«*0> OOS'O) •|/6n TZI-83d 
OOS'O OOS'O) l/6n 9I0I-83d 
00*I> OO'l) 1/fin Buagocicoi 

OOS'O OOS'O) 1/fin aucDJOTMS 
OOS'O) (Kfi'O) 1/fin JOTipAXOUlBH 
001"O) O0T'O> 1/fin aitniB utfTHBopui 
ooro> 00T'0> 1/fin apAiiapTi utjpu3. 
ooro> 001'0) I/fin 100-. 
001•0> 001'0> 1/fin II utiinsopuj 
001•0> 001'0^ 1/fin OOG-,t'» 
ooro> OOT'O) 1/fin UTJPU3 
ooro> 001'0> 1/fin UTJPTBTQ 
ooro> ooro) 1/6n 300-,t'V 
OSO-O' 0B0.•0^ 1/6n I ut;TnBopu3 
080*0^ OSO^O) 1/fin apTXOOB JOTipilPBH 
OfiO'O) 0S0'0» 1/6n UTJOTV 
owo> 0S0'0> 1/fin 3H9:P 
OS0'O> OSO'O^ 1/fin JOXipilOBH 
oso*o> OSO'O) 1/fin 3HS-P 
oso*o> OOS'O^ 1/6n 3H8-6 
0S0'0> OOS'O' 1/bn DHS-' 

309D9 

s;Tun us»nji(] 

l-iii EW 
m-m-a 

20C'-9E1 

I-JNI 

100-9EI 

ssTOms 

9CrE0-6W. s»«u POf MiiH :Jamisn3 6B6l-aw-0C 9i«0 

Ql JBKisns 
psToms »»*0 

BI »uo;SABi| 

/ 

S)TnsBy T»T^^T9UV fo Xjtnns 

raoitf 



Suuary of Ani'ly,tiHl Results' 

Page 4 

/ 
Date received: 30-HAR-19B9 'Gustoaer: ReTec Job<naie: M9-03.136 

keystone '10 
Date Saaoied 
Custoner ID 

Saaples 

136-001 
29-BAR-1989 
INF-i 

136-002 
29-RAR-1989 
AC3 EFF-I 

136-003 
:9-RfiR-19a9 
BNK-I 

136-004 
29-IWR-1989 
Wl-INFTW 

136-005 
29-MAR-1989 
MKl-SFCEFF 

136-006 
S-NAR-1989 
NKI-ACIEFF 

Parueters Units 

Li:610 
Caroa:ole. ug/L 2.30 <2.00 N/A 2.38 2.49 <2.00 
Naonthalene ug/L 765 <2.00 N/A, 866 743 <2.00 
Acenaohthyiene ug/.k :B4.0 <2.00 N/A 40.6 34.0 <2.00 
Acenaphthene ug/L <8.9 <2.00 N/A 35.9 31.0 <2.00 
Fluorene ug/L 13.3 <0.200 N/A 12.5 9.33 <0.200 
Phenanthrene ug/L 7.21 <0.500 N/A 8.17 5.66 <0.500 
Anthracene ug/L <0.500 <0.500 N/A 2.65 <0.500 <0.500 
Fluorinthene ug/L <0.200 <0.200 N/A <0.200 <0.200 <0.^)0 
Pyrene ug/L <0.200 <0.3X) N/A <0.200 <0.200 ^0.200 
Benzolaianthracene u^L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 N/A <0.150 <0.150 <0.150 
Ben:o(b)fluorinthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzolk)fluorinthene u^L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzolalpvrene ug/L \0.020 <0.020 N/A <0.020 <0.020 <0.020 
Dibenzoia,h)anthracene ug/L <0.030 <0.030 N/A <0.030 <0.030 <0.030 
Benzo(9,h,iiperylene ug/L <0.050 <0.050 N/A <0.050. <0.050 <0.050 
Indenot'l,2,3-c,d)pyrene ug/L <0.050 <0.050 N/A <0.050 <0.050 <0.050 



OfiO'O) OfiO-O l/6n auajAd(p'9-c'3'l'ioinpu] 
090'0> OSO'O l/6n auaTXjad(T*i]'b)ozuas 
OCO'O; 0E0*0> l/6n auascjii^ut ((('(losuaoro 
«0*0> (C0'0> l/6n auaj/dftjozuas 
o:o"o> OZO'O l/6n auai];utJon'[;()|)o;uae 
0Z0'0> OKCO> V6n auaiimJoni;(qiD:uag 
osro> osro\ l/6n auasAjio 
030'0> . 030*0^ l/6n aua3tjq)uc(t|Dzuas 
OK'O) O0Z'O> l/fin, auajAd 
0K-0> OOZ'O^ 1/6n auaq^utjonid 
oos*o> 00£*0> 1/6n auastJiauti 
006*0^ OOS'O l/6n auajq^utuaqd 
0K'0> 0K*0\ 1/fin auajon^d 
M*S> OO'Z) l/6n 8uaq;qotua3d 
W3> 00'3> n/6n auaTAuiqdtuaati 
00-2> 00*3> l/6n auaituzgotN' 
00'Z> 00-3> 1/6n aioztcjr^ 

01931 

s»Tun sjaianjtd 

daiEXW-DM dd3:w-l)« 
6861-WH-U 6B6I-»W-6Z 

300-9CI i00-9El 

s^Toms 

9EI*E0-6an s'wu m 3iiaii wawisnj 6861-8W-0C :p9ATa3aj >8;to 

DI jawisnj 
paioRc a»a 
ai auo;5Aa)( 

f 

/ 

stTnsay T(3T;ATtuv fo Ajcms 

£ '6«d 



/ 

Pige 6 

Siaaary of Analytical Results 

Date received:' 30-HAR-19e9 Custoeer: ReTec Job naae: HB9-03'.136 

Keystone 10 
Date Saeoled 
Custoeer ID 

Saeoles 

136-001 136-002 
29-i«R-15fl9 29-«AR-1909 
INF-I AC3 EFF-I 

Paraeeters Units 

MS624 
Chloroeethane 
Broaoaethane 
Vinyl chloride 
Chloroethane 
Hetnylene chloride 
T richlorofluoroaethane 
l,l-3ichloroethene 
1.1-Dicnloroethane 
trans-1,2-Dichloroethene 
Chlorofoni 

Dicnloroethane 
1,1',1-Trichloroethane 
Caroon tetrachloride 
Broeodicnloroaethane 
1.2-Oicnloropropane 
CIS-1,3-Dichloropropene 
Trichloroethene 
Benaene 
Oibroaochloroethane 
1,1,2-TricnloroThane 
trans-l>,3-Dichlorapropene 
2-Ghloroethylvinyl ether 
Broaofore 
1,1,2,2-Tetnachloraethane 
Tetrachloroethene 

• Toluene 
Chlorobenzene 
Etnyl benaene 

ug/L <10.0 <10.0 
ug/L <10.0 <10.0 
ug/,L 31.0 <10.0 
ug/L <10.0 <10.0 
ug/L 17.0 13.0 
ug/L <10.0 <10.0 
ug/L ^5.00 <3.00 
ug/L <3.00 <5.00 
ug/L 40.0 <3.00 
ug/L <3.00 <5.00 
ug/L <3.00 <3.00 
ug/L <3.00 <5.00 
ug/L <3.00 <3.00 
ug/L <3.00 <3.00 
ug/L <3.00 <5.00 
ug/L <3.00 <5.00 
ug/L 110 <3.00 
ug/L 97.0 <3.00 
u^L <3.00 <3.00 
ug/L <5.00 <3.00 
u^L <3.00 <3;00 
ug/L <10.0 <10.0 
ug/L <5.00 <3.00 
ug/L <3.00 <3.00 
u^L 37.0 <3.00 
ug/L 11.0 <3.00 
ug/L <3.00 <3.00 
ug/L 79.0 <3.00 



0*«> 1/6n BUBj/d 

O'OD 1/fin Buai);uEJontd 
0*K> l/6n BU83tJU;uV 

o-oz> n/6n BUBJI|;UtUBIJd 

COD 1/fin JBi|;i iXuBqd TAuBgdo«OJe>t 
COD 1/6n BUBZuaqojDTintxBH 
0*03> l/6n BUTRTAuBudTposiu;TN-N 
COD 1/fin 8»BT«i|iMdTAMiBio 
COD 1/fin BU8nTe)Dj;TUTQ>t*2 

0*0J> l/6n J8q;8 lAuaud TAuBiidMOTq:}-^ 
o'o:> 1/6n auBJon^d 
C02% auanToioj;TUT0-9'Z 
COD l/6n a^tTCMiMd TAnjBBta 
COZ^ l/6n 8UBl(}gatU83tl 
0"0Z> ^/bn 8U8TAI|;udtU83V 

O-OD ^/6n 8uaTtq;qd8UDjoTii3-z 

0-«> 1/fin BUaTpt;UBdOt3AaOdOTiptX8H 

C03> l/6n 8uei(;8B (Axoi|;80JDTip.3isTfl 

COD n/6n BUBTemqaeN 
O'OD l/6n BUOJOUOOS] 
0*0Z> n/6n BUBZuBqojoTU3:ji.t'Z'T 

COZ> l/6n BUBtptinoojOTqaexBH 
0*0Z> 1/fin BUBZUBqOJlTN 

o*oz> l/6n BUTRTAdOJd.U-TpOSOJ)TN-N' 

o*oz> 1/6n JBq;B ('[AooJdcsTOJOTip.;)STg 

COD 1/6n 8UBZUBqOJCTq3TQ.Z'l 

COD l/bn JBq^B |TAmB0J0Tq3.:)STB 

COD l/fin Butq;B0jpTU3[XBH 

0*03> n/6n BUBZUBqojoxqsin-t'l 
COD l/On BUBZUBqOJPTUBTO-C'l 

S:9SM 

BHUn SJBJMtJld 

I-dd3 EW' ai JBWisna, 
6861-a«-6: P'Tdwc ®»0 

300-9E1 01 »uo;sAa)| 

saiowc 

TCT'EO-MH !»«« flof aaiiu Uiw^sno .fcKI-WW-OE SDBAiaDaj satQ 

stTnsBU, Tt3T;XTtiitf Xjtnns 

iBbtd 



0-(O 1/6n BUTZUpAlirAUBUdTQ.:'! 
0*«> 1/fin BjtTBirtMd TA^nq-u-TQ 
o*(e> l/6n TOUBqdMOTipTJi.o't*^ 
0*03> 1/6n .TOUBqd 

00T> 1/ta T0UBqd(U0Tipc)UB(j 
0'02> 1/fin T0iiBgdTAq;BB-c.0J0Ti|3.t 

00T> l/6n Teu8qdoj;TN-» 
0'«> l/6n TOUBqdoj;iN-3 

00T> 1/6n 1ouBi|doj;TinQ.t*z 
00I> 1/6n T0UBudjAq^B«.s^j)TUTa.9*^ 

0*«> l/6n T0UBqdTAqiBnQ.t''3 
0'0Z> 1/6n TOUBqdojOTipTG-t'z 
o-o:> l/6n TouBgdojoms-z 
0-02> 1/fin BUTRTAgiBnpDBOj;T|i|-N 
0-03> 1/6n BuaTAjBd(Tgfi)o:uBS 
0-03^ 1/fin Bua9tjgaucig't.)o:uBaTg 
o"o:> 1/6n BUBjAd(p'3.C>Z'l|IOU3pui 
0*03> l/6n BUBjAd(t)OZUBg 
0-03> n/6n BUBg)utJonx;r)|)o:uB8 
0-03> 1/Bn BUBgzutJonT)(q)o:uBa 
o-oz> 1/Ein B^iftgiud T/43n-u-Ta 
0'»> 1/fin BUipTzuBqoJOTgaTa-,C'r 
0-0Z> 1/6n BUB9ijg;utrc>iozuBB 
0'(C> 1/6n BUBSAjgg 
CO 1/fin B»iTBg»ud (TAKBTAgiB-zjsia 
CO 1/fin BjixBg;gd, lAiusq XA;na 
oo 1/fin BUipTZUBg 

(PBHUTIUCD) SJ9SI,| 

siTun BJBianjid 

I-«3 EW QI JBMXBno 
pBTonc B»Q 

200-9EI QI BUOXSAB;! 

SBTdRg 

9Er,E0-6« !»«u POf 3»i»H sJ»io»Bn3 6B61-»«-0E :P9ATBD8J >;tQ 

s;Tns8y xnT^Aituv Ajtamg 

Bbcd 
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Polynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM' 

Client Name: REMEDIATION' TECHNOLOGIES, INC. 
Client ID: 
Lab ID: 
Matrix: 
Authorilzed: 

Parameter 

RTSLP-INF-E 
005399-0001-SA 
AQUEOUS 
20 JUN 89 

Enseco ID: 1042154 
Sampled: 19 JUN 89 
Prepared: 25 JUN 89 

Received: 20 JUN 89 
Analyzed: 14 JUL 89 

2,3-Benzofuran 
2,3-Di'hydroindene 
Indene 
Naphthalene 
>Benzo('b)thiophene 
Quinoline 
lH-Indo1e 
2-Methyl naphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
F1uorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridime 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzolb fluoranthene 
Benzo(k)fluoranthene 
7,12-Dimethylbenz-

anthracene 
Benzo e)pyrene 
Benzo(a)pyrene 
Perylene 
3-Methylcholanthrene 
Di benz(a,h)anthracene 
Di benz(a,c)anthracene 
Benzo(g,h,i2pery1ene 
Indeno(1,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

N.D. • Not Detected 
N.A. - Not Applicable 

Reported By; Marshall Tibury 

Result 

17 
130 
150 
510 
86 
NO 
ND 
40 
62 
10 
ND 
51 
15 
16 
ND 
ND 
ND 
ND 
34 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 

77.5 
83.5 
66.0 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

% 
% 
% 

Reporting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10< 
10 
10 
10 
10 
10 
10 
10 
10 

Approved By: Jeff Lowry 



Polynucliear Aromatic Hydrocarbons., SIMi 

Method 8270/SIN 

Client Name: REMEDIATION TECHNGLCG'IES, INC. 
Client ID: RTSLP-EFF-,E 
Lab ID: Q053g6-0Q01-SA Enseco ID: 1042152 
Matrix: AQUEOUS Sampled': 19 JUN 89 
Authorized: 20 JUN 89 Prepared: 21 JUN 89 

Parameter 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo(bi)thiophene 
Quinotine 
IH-Indole 
2-Methylnaphthalene 
1-Methylnaphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Oibenzofuran 
F1uorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazoile 
Fliuoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo bVfluoranthene 
Benzo lc}ifluoranthene 
7,12-Oimethylbenz-

anthracene 
Benzo(e)pyrene 
Benzo(a)pyrene 
Perylene 
3-Methylcho1anthrene 
Dibenz a.h 
Dibenz(a,c 
Benzo (9i,h, 

anthracene 
anthracene 
)perylene 

Result Units 

Indeno(l,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dIO 
Chrysene-dl2 

NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 

ND 
ND 
NO 
ND 
NO 
ND 
ND 
ND 
ND 

39.4 
48.7 
39.2 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

X 
X 
X 

Received: 20 JUN 89 
Analyzed: 17 JUL 89 

Reporting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

N.D. - Not Detected 
N.A. - Not Applicable 

Reported By: Phillip Tall.arico Approved By: Jeff Lowry 



Client Name: 
Client I0>: 
Lab ID: 
Matrix: 
Authorized: 

Polynucliear Aromatilc Hydrocarbons, SIM 

Method 8270/SIM 

REMEDIATION TECHNOLOGIES, INC. 
RTSLP-BNK-E 
005396-0002-SA Enseco ID: 1042153 
AQUEOUS Sampled: 19 JUN 89 
20 JUN 89 Prepared: 21 JUN 89 

Received: 20 JUN; 89 
Analyzed: 12 JUL 89 

Parameter 

2,3-Benzofuran 
2,3-Dfhydroindene 
Indene 
Naphthalene 
Benzo(b}th1ophene 
Qui noline 
IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
Bliphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
0;1ibenzoth1'ophene 
Phenanthrene 
Anthracene 
Acrldine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b f1uoranthene 
Benzo k)fluoranthene 
7,12-Olmethylbenz-

anthracene 
pyrene 
pyrene 

Benzo 
Benzo 
Perylene 
3-Methylcholanthrene 
Di benz(a,h)anthracene 
01benz(a,c anthracene 
Benzo (q,h.,1} perylene 
Indeno(.l.i2,3-c,d)pyrene 

Naphthailene-d8 
Fluorene-dlO. 
Chrysene-dl2 

Result 

ND 
NO 
ND 
32 
ND 
ND 
ND 
13 
NO 
ND 
NO 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
NO 
ND 
ND 
NO 

ND 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 

45.1 
65.3 
45.6 

Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

X 
% 
% 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

N.D. - Not Detected 
N.A. - Not Applicable 

Reported By: Bob Martin Approved By: Jeff Lowry 



14-JUL-1989 Piga 1 

SuDury of Analytical Results 

Data received! 20-JUN-1989 Custoeer! ReTec Job naiae: M9-')6.100 

Keystone ID 
Date 3aa0led 
Custmer ID 

Sanples 

100-001 
19-JUN-1989 
RT3LP INF-E 

100-002 
i9-JUN-l989 
RT3LP EFF-E 

100-003 
19-JUN-1989 
RT3LP BNK-E 

Piraaeters Units 

BiocneaiCal Oxygen Denano ag/L 7.20 <1.00 <1.00 
COD ng/L 20.0 28.0 <10.0 
Ferrous Iron ag/L 0.118 <0.100 <0.100 
Haroness ag/L 501 454 <1.00 
Amonia Nitrogen as N a^L l.uS <1.00 <1.00 
Nitrite as N< ag/L <0.020 <0.020 <0.020 
Nitrate as N ag/L <0.020 <0.020 <0.020 
Oil and Grease ag/L <5.00 <6.00 <6.00 
urtnopnosphate as Phorpnorous ag/L <0.010 <0.010 <0.010 
pri units 7.0 7.6 5.8 
Phenol ag/L 0.124 0.012 <0.005 
Total Dissolved Solids ag/L 715 730 4.00 
''otal Organic Carbon ag/L 2.46 5.26 <1.00 
.otal Susoended Solids ag/L 1.00 <1.00 <1.00 
Silver ug/L <10.0 <10.0 NR 
Arsenic u^L <10.0 <10.0 NR 
Berylliia ug/L <5.00 <5.00 NR 
Cadaiua ug/L <5.00 <5.00 NR 
Chroaiua ug/L <10.0 <10.0 NR 
Copper ug/L <25.0 <25.0 m 
Iron ug/L 1980 <100 <100 
Dissolved Iron ug/L 100 <100 <100 
Manganese ug/L 374 691 <15.0 
Niccel ug/L <40.0 <40.0 
Lead ug/L <5.00 <5.00 NR 
Antiaony ug/L <60.0 <60.0 NR 
Seleniia ug/L <5.00 <5.00 NR 
Thallitn u^L <10.0 <10.0 NR 
Zinc ug/L 83.0 31.1 NR 



:4-.-jL-;9g9 Piji: 

Suutary of Aniivtical Results. 

Dare received: Z()-JU4-1969 Cuszoaer: ReTec Job niaei MB9-06.100 

Saaples 

keystone ID 100-001 1U0-M2 
Date SuDled 19-J1JN-19S9 1?-JL'N-1989 
Custoner -ID •RTSLP INF-E RTSLP lEEF-E 

Pirioeters Units 

GUIJS 
i-srC ug/L xO.030 <0.050 
o-shC ug/L <0.050 <0.050 
b-shC ug/i <.0.050 <0.050 
Hspncnlor ug/L <.0.050 <0.050 
d-ShC ug/L xO.050 ^0.050 
Aisrin ug/L <0.050 <0.050 
Heoticnlor eooxiae ug/L ^0.05U <0.050 
Enacsuifan I ug/L <.u.050 <0.050 
+,4'-DDE u^L <.0.100 xO.lOO 
Dielarin u^L <0.100 <0.100 
Enarm ug/L U.OO <0.100 
4,4'-DDD ug/L U.OO <0.100 
Enaosulfan 11 ug/L U.OO <0.100 
4,4'-0DT ug/L <1.00 <0.100 
Enarin aldenyoe ug/L <0.100 <0.100 
Enaosulfan' sulfate ug/L <0.100 <0.100 
Hetnoxydilor u^L <0.500 <0.500 
Chloraane ug/L <0.500 <0.500 
Toxapnene ug/L <1.00 <1.00 
PCfi-1016 ug/L <0.500 <0.500 
Pa-1221 ug/L <0.500 <0.500 
PCB-1ZJ2 ug/L <0.500 <0.500 
PC8-i:42 ug/'L <0.500 <0.500 
PCD-1248 ug/L <0.500 <0.500 
PCB-i:S4 ug/L <1.00 <1.00 
PC9-1260 ug/L <1.00 <1.00 



14-jlJL-l?59 Pica J 

Suuary <of Anaiyticil iiesults 

Date received: 20-JUN-1989 Custoner: ReTec Job nane: 1489-06.100 

aiiiBles 

KevsTone 10 lOv-001 lw-<Kl2 
Date Saopied l9-JUN-i989' 19-JUN-i?89 
CjE'oaer ID RTSLO iNF-E RT3LP EFF-E 

Parueters Units 

LC6':0 
Cinsiioie' ug/L 11.1 <2.00 
Naonthaiene ug/L 747 <2.00 
Acenaontnylene ug/L lOo \:.oo 
Acenaonthene ug/L 60.2 <2.00 
Fiuorene ug/L 14.4 <0.200 
Phenanthrene ug/L 7.03 <0.500 
Anthracene ug/L 0.691 <0.500 
Fiuorantnene ug/L <0.200 <0.200 
Pvrene ug/L <.0.200 <0.200 
Ben:o(ajanthracene ug/L ^0.020 <0.020 
Chrvsene ug/L ^0.150 \0.150 
Benzol biifluoranthene ug/L \0.020 \0.020 
Benzoikifluoranthene ug/L <v0.'020 \0.020 
Benzolalpyrene ug/L \0.020 <0.020 
Dibenzo: a,hi anthracene ug/L <0.030 <0.030 
BEnzo(g,h,i)perylene ug/L <0.050 <0.050 
Inaenoil,:,3-c,d)pyrene ug/L <0.050 <0.050 



14-M-I9e9 Pige 4 

Sunnary o1 Analytical Results 

Date .recsivso! 2O-JUN-1909 Custoner: ReTec^ Joo naae: fffi9-06.100 

Keystone ID 
Date aaoolea 
Custcsar ID 

Saaples 

Iw-OOl 
l9-JUN-i9B9 
RT5LP IKF-t 

lOO-ijO: 
19-JUN-19B9 
RTSLP Err-E 

Piraaeters Units 

H5e>2' 
Chloroaetnane ug/L UO.O <10.0 
Broaoaetnane ug/L <10.0 <10.0 
Vinyl cnloriae ug/L 13.0 <10.0 
Chloroethane ug/L <10.0 <10.0 
Hetnylene cnloride ug/L <5.00 <5.00 
Trichlorofluoroaethane ug/L <10.0 <10.0 
1,1-Didiloroethene u^L <5.00 <5.00 
1,1-Dicnloroethane ug/L <5.00 <5.U0 
trans-1,2-Oicnloroethene u^L 25.0 <5.00 
Chlorofora ug/L <5.00 <5.00 
1,2-Dicnloroethane ug/L ^5.00 <5.00 
1,1,1-Trichloroethane ug/L <5.00 <5.00 
Carbon tetricnloride ug/L <5.00 <5.00 
Broaooichloroaethane ug/L <5.00 <5.00 
1,2-Oicnloropropane ug/L <5.00 <5.00 
cis-1,3-Dicnloropropene ug/L <5.00 <5.00 
Tricnlonoethene ug/'L 83.0 <5.00 
Benterie ug/L 100 <5.00 
Oioroaocnloroaethane ug/L 15.00 <5.00 
l.i,2-Trichioroethane u^L <5.00 <5.00 
trans-1,3-Oicnlbropropene ug/L <5.00 <5.00 
2-Chloroethylvinyl etner ug/L <10.0 <10.0 
BroaoToni u^L <5.00 <5.00 
1, l',2,2-Tetracnloroethane u^L <5.00 <5.00 
Tetrachloroethene ug/L 25.0 <5.00 
Toluene ug/L 12.0 <5.00 
Chlorobenzene ug/L <5.00 <5.00 
Etnyl Denzene ug/L 92.0 <5.00 



l'4-JUL-i95= Paga a 

Suamary of Analytical iResults 

Data receivea: 20-JUN-19B9 Custoner; ReTec Joo naoe: NB9-06.100 

kevstone ID 
Data aaepied 
Custner ID 

Saaples 

100-001 
19-jTjN-19B9 
RTSLP INF-E 

100-002 
19-JUN-1989 
RTSLP EFF-E 

Paranerers Units 

RS6I5 (continueaj 
lnaar.uil,2,3-c,d)pyr8ne 
DiDan:oia,hjantnrac8ne 
BanzoignrlDarylene 
h-Nitroscaiaethylanina 
2-Chl0ropnenol 
2,4-Dichloropnenol 
2,4-Duathylphenol 
4,B-Dinitra-2-aethylphenol 
2,<i-Dinitrophanol 
2-Nitrophenol 
4-Nitroah8nol 
4-Chloro-3-aethylphenol 
Pentic!ilaroph8nol 
Ph8nol 
2,4,6'Tricnlorophenol 
Di-n-butyl pnthalate 
1,2-0ipn8nyIhydrazine 

ug/L <20.0 <20.0 
ug/L <20;0 <20.0 
ug/L <20.0 <20.0 
u^L <2-0.0 <20.0 
ug/L <20.0 <20.0 
ug/L <20.0 <20.0 
u^L 30.0 <20.0 
ug/L <100 <100 
u^L <100 <100 
ug/L <20.0 <20.0 
ug/L <100 <100 
ug/L <20.0 <20.0 
ug/L <100. <100 
ug/L <20.0 <20.0 
ug/i <20.0 <20.0 
ug/L <20.0 <20.0 
ug/L <20.0 <20.0 



Pigs 5 

Suonary of AnalyTicii, Results 

Da-e receivea; 20-3UN-1989 Custoner; ReTac Job naoe: N89-06.100 

Keystcne ID 
Data Saapled 
Customer ID 

Saaples 

100-001 
19-JUN-I9fl9 
RTSLP INF-E 

100-002 
19-JUN-19B9 
RTSLP EFF-E 

Pir>ne:ars Units 

HSoI-S 
l,J-DicnloroDanzene ug/L ^20.0 <20.0 
l.'i-uicnlorobenzene ug/L <20.0 <20.0 
Hexacr.ioroetnane ug/1 <20.0 <20.0 
Bisd-cnloroethyl) ether ug/L <20.0 <20.0 
1,2-jicnlorooenzene ug/L <20.0 <20.0 
Bis(2-ciloroisooropyl) etner ug/L <20.0 <20.0 
N-NiTrosoai-n-propylanine ug/L <20.0 <20.0 
Nitrjoenzene ug/L <20.0 <20.0 
HexicnloroouTadiene ug/L <20.0 <20.0 
1Wricnlorooenzene u^L <20.0 <20.0 
Isocnorone ug/L <20.0 <20.0 
haonthalene u^L 1900 <20.0 
SisiZ-cnloroethoxy) aethane ug/L <20.0 CO.O 
Hexacnlorocyclopentaoiene ug/L CO.O <20.0 
2-Ohloranaphthalene u^L <20.0 <20.0 
Acenaontnylene ug/L <20.0 CO.O 
Acenapntnene ug/'L <20.0 <20.0 
Duaeihyl phzhalate ug/k <20.0 <20.0 
2,&-DinitnoToluene ug/L <20.0 <20.0 
Fluorene ug/L 21.0 <20.0 
4-Chloropnenyl phenyl ether ug/L <20.0 <20.0 
2,4-Dinitrotoluen8 ug/L <20.0 <20.0 
Diethylpnthalate ug/L <20.0 <20.0 
N-Nitrosodiphenylaaine ug/L <a>.o <20.0 
Hexacnlorooenzene ug/L <20.0 <20.0 
4-Broaoohenvl phenyl ether ug/L <20.0 <20.0 
Phenantnrene u^L <20.0 <20.0 
Antnracene ug/L <20.0 <20.0 
Fluorinthene ug/L <20.0 <20.0 
Pyrene ug/L <20.0 <20.0 
Benzioine ug/L <200 <200 
Butyl benzyl phthalate ug/L <20.0 <20.0 
Bis(2-etnylhexyl| phthalate ug/L <20.0 120 
Chrysene ug/L <20.0 <20.0 
Benzoli)anthracene ug/L <20.0 <20.0 
3,3'-Dicnlorobenzidine u^L <40.0' <40.0 
Di-n-octyl pntnalate ug/L <20.0 <20.0 
Benzolb (fluorinthene ug/L CO.O <20.0 
Benzolklfluorinthene ug/L <20.0 <20.0 
Benzol.ii pyrene ug/L <20.0 <20.0 
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i 
i 
i 

Polynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client ID; 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDIATION TECHNOLOGIES,, INC. 
RTSLP-INF-M 
004820-0001-SA Enseco ID: 1037364 
AQUEOUS Sampled: 08 MAY 89 
09 MAY 89 Prepared: 12 MAY 89 

2,3-Benzofuran 
2,3-0i>hydroindene 
Indene 
Naphthalene 
Benzo(b)thiophene 
Quinoline 
IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenapnthylene 
Acenaphthene 
Oiibenzofuran 
Fliuorene 
Oibenzothiophene 
Phenanthrene 
Anthracene 
Acrid iine 
Carbazole 
F1uoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo blfTuoranthene 
Benzo k)f1uoranthene 
7,12-Oimethylbenz-

anthracene 
Benzo: <e)ipyrene 
Benzo(a)ipyrene . 
Perylene 
3-Methylcholanthrene 
Dibenz 
Dibenz 
Benzo(a,h. 
Indeno 

a,h 
a,c 

anthracene 
anthracene 
}perylene 

l,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

iN.D. - Not Detected 
N.A. - Not Applicable 

Result 

18 
140 
ISO' 
450 
73 
NO 
ND 
45 
73 
10 
NO 
52 
14 
17 
ND 
ND 
ND 
ND 
26 
ND 
ND 
NO 
ND 
ND 
NO 

NO 
NO 
NO 
ND 
ND 
ND 
ND 
ND 
ND 

56.0 
90.0 
86.0 

Units 

ug/L 
ug/L 
ug/L 
•ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

% 
% 
% 

Received': 09 MAY 89 
Analyzed': 01 JUN 89 

Reporting 
Limit 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

Reported By: Angle Poturalski Approved By: Jeff Lowry 
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»Ense 
PoTynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM' 

Client Name: 
Client 10: 
Lab ID: 
Matrix: 
Authorized: 

INC. REMEDIATION TECHNOLOGIES, 
RTSLP-EFF-M 
004819-0001-SA Enseco ID: 1037366 
AQUEOUS Sampled: 08 MAY 89 
09 MAY 89 Prepared: 12 MAY 89 

Received: 09 MAY 89 
Analyzed: 02 JUN 89 

Parameter 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo 
Qui no 

b)thiophene 
ine 

iH-Indole 
2-Methylnaphthalene 
1-Methylnaphthalene 

yl ene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Oibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fliuoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 

fluoranthene 
fluoranthene 

7,r2-l)imethyl benz-
anthracene 

Benzo 
Benzo 

Benzo 
Benzo 

e)pyrene 
.a)pyrene 

Perylene 
3-Methylcholanthrene 
Dibenz(a,h 
Dibenz(a,c 
Benzo (g,h'. 

anthracene 
anthracene 
Iperylene 

IndenoU>Z,3-c,d)pyrene 

Naphthalene-d8 
F1 uorene-d'l'O 
Chrysene-dl2 

N.O. - Not Detected 
N.A. - Not Applicable 

Report ii 
Result Units Limit 

ND ng/L 10 
NO ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
ND ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 

NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 
NO ng/L 10 

53.5 X 
62.2 X --
51.2 - X --

Reported By: Deneen Miller Approved By: Jeff Lowry 
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iPolynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Cliient lOi: 
Lab ID,: 
Matrix': 
Authorized: 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
RTSLP-BNK-M 
0048I9-0G02-SA Enseco ID: 1037367 
AQUEOUS Sampled: 08 MAY 89 
09 MAY 89 Prepared: 12 MAY 89 

2,3-Benz6furani 
2,3-Oifhydroindene 
Indene 
Naphthalene 
BenzoOb)ith1ophene 
QuinoTiine 
lH-'Indo1e 
2-Methylnaphthalene 
1-Methyl naphthalene 
B1phenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Olbenzothiophene 
iPhenanthrene 
Anthracene 
Acrldine 
Carbazole 
Fluoranthene 
Pyrene 
8enzo(a]anthracene 
Chrysene 
Benzo b fluoranthene 
Benzo k)fluoranthene 
7,r2-Dimethylbenz-

anthracene 
Benzo(elpyrene 
Benzo(a)pyrene 
Perylene 
3-Methylcholanthrene 
Di'benz. a.ihVanthracene 
0'iibenz(a,.c anthracene 
Benzo (g,,h,1) perylene 
Indeno(lt2,3-c,d)'pyrene 

Naphtha1ene-d8 
Fluorene-dlO 
Chrysene-dl2 

Result 

NO 
NO m 
20 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
ND 
NO 
NO 
NO 
ND 
NO 

74.3 
74.4 
73.9 

Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Received: 09 MAY 89 
Analyzed: 02 JUN 89 

Reporting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

N.O. - Not Detected 
N.A. - Not Applicable 

Reported By: Deneen Mlllier Approved By: Jeff Lowry 

O 



T9£ tvZ 0*ST> 1/Sn, BSBUtOUC|i| 
00I> m> 00I> l/6n UOJ] PBA^CSSTC 

0ZT3 00I> OOI> 1/6n UOJI 
O'tl OO'Z 00-T> 1/6t s?TT05 pBpuBasns 

90*t ES" 00"I> I/fie uoqjtj aT'JSEJQ T«i5. 

i:: Ei9 00-1> 1/BB SDTTOe CBATCESTG TllOl 

owe =00'0> £00*0> l/6o T3UBUd 

£-i ri 9-9 ElTUn ua 
(TO-O 0]0*0> OTO'O/ "!/BB sa:ja>jcjoiJci ss Biiqcsouaaai^n 
00- Trt OO'SV BSIBJS D« ^ro 

o:o-o> 030'0> 030-0> 1/6" N El B»ai:\' 
03C-0> teo'o> 030-0> *|/DBI N El B::J:TN 
00'I> 00-1> 00*T> 1/60 N El UBD0JI7N ITuOlSI!;-^ 

UT Sir 0-3': ^/6ll SSBJEJlkl 

OOT'O^ wo> oiro 1/6® uoj: snoaasa, 
0-3E O'O*. O'OT'' 1/6« 003 

3i''fr 00-T> 00'1> 1/6® DutiiBa uBDAxg ie3TC3.Q;:q 

s;Tun' saBiBnai; 

K-dW dd3EDc h-)«S 01 asofiEng 
iSal-AWi-E 6Bfcl-At!H-B PBTOBiS Siig 

EOO-S9 30(-e9 T00-S9 01 B'jaiEABj 

ssjOEtce 

tO'so-iga JBBSU oor 3Si9-H :a?B:iEr3 t5:T-\Vr-6 i:3«sjBJ 

alTnSBV Tt5Ti/.-EUj W AjMltnc 

«:*.3 



APPENDIX B 

ATTACHMENT e 

BACKWASH SOLIDS ANALYSIS 



1 
I 
m 
i 
f 

-^Enseco 
Polynuclear Aromatic Hydrocarbons, GC/MS 

Method 8270 

Client Name: 
C'Ment ID: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
RTSLP-BWl-SOL 
005464-0001-SA Enseco ID: 1042764 
soil Sampled: 21 JUN 89' 
23 JUN 89 Prepared: 05 JUL 89 

Received: 23 JUN 89 
Analyzed: 14 JUL 89 

Naphthalene 
Acenaphthylene 
Acenaphthene 
iFluorene 
Phenanthrene 
Anthracene 
F1uoranthene 
Pyrene 
Bdnzo(a)anthracene 
Chrysene . 
Benzolb' fluoranthene 
Benzo. k fluoranthene 
Benzo(a pyrene 
01benz(a,h)anthracene 
Benzo(g,h,1).perylene 
Indeno(l,2,3-c,d]pyrene 
2,3-Benzofuran 
2,3-01hydro1ndene 
Indene 
Benzolb)th1ophene 
Quinojiine 
IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
B1phenyl 
Olbenzofuran 
Oibenzothlophene 
Acridine 
Carbazole 
7,12-Dimethylbenz-

anthracene 
Benzo(e)pyrene 
Peryliene 
3-MethylchoTanthrene 
01benz(a,c)anthracene 

NItrobenzene-dS 
2-Fluorobiphenyl 
Terphenyl-di4 

Result 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO' 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

69.4 
66.8 
72.6 

Units 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

% 
% 
% 

Reporting 
Limit 

330 
330' 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

N.D'. - Not Detected 
N.A. - Not Applicable 

Reported By: Marshall Tlbury Approved By: Jeff Lowry 



APPENDIX B 

ATTACHMENT 7 

PRIORITY POLLUTANT SCAN 
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;8-APR-l955 2l3e ; 

auEinary of Analytical Reaults 

Date racaiveo: 30-lAfi-l9B9 Custoner: RaTsc Jed naae: MB9-03.IS6 

Keystone ID 
Date SaiBDiad 
Customer ID 

Parameters 

Total Susoenoes aolics 

Samples 

156-007 136-'jOS 156-009 
:9-niSS-l9e9 29-i*Ah-l5S9 :9-SAR-1959 
ftKl-hCZEF' nKl-HCSEFF »K1-3H1 

Units 

mc/L N/A M/A 1050 



28-fiPR-19B9 Piae 3 

Suaoary of Analytical Results 

Date received: 30-;HAR-1989 Custoner: ReTec Job naoe: I>I89-03'.136 

Itevstone ID 
Date Saapled 
Custoaer ID 

Saaoles 

136-001 136-002 
29-MAR-19B9 29-tttR-1989 
INF-I AC3 EFF-I 

Piriaeters Units 

eC608 
a-BHC ug/L ^0.500 <0.050 
g-BHC ug/L ^0.500 <0.050 
b-BHC ug/L <0.050 <0.050 
Heptachlor ug/L <0.050 <0.050 
d-BHC u^L <0.050 <0;050 
Aldrin. ug/L <0.050 <0.050 
Heptachlor epoxide ug/L <0.050 <0.050 
Endosulfan I ug/L <0.050 <0.050 
4,,4'-DDE ug/L <0.100 <0.100 
Dieldrin ug/L <0.100 <0.100 
Endrin ug/L <0.100 <0.100 
4,4'-DDDi ug/L <0.100 <0.100 
Endosulfan II ug/L <0.100 <0.100 
4,4'-DDT ug/L <0.100 <0.100 
Endrin aldehyde ug/L <0.100 <0.100 
Endosulfan sulfate ug/L <0.100 <0.100 
Hethoxychlor ug/L <0.500 <0.500 
Chlordane ug/L <0.500 <0.500 
Toxaphene u^L <1.00 <1.00 
PCB-1016 ug/L <0.500 <0.500 
PCB-1221 ug/'L <0.500 <0.500 
PCB-1232 u^L <0.500 <0.500 
PCB-1242 u^L <0.500 <0.500 
PCB-124a ug/L <0.500 <0.500 
PGB-1254 ug/L <1.00 <1.00 
PCB-1260 ug/L <1.00 <1.00 



2B-I1PR-19B9 Page 4 

Sunoary of Analytical Results 

Date received: 30-HAR-19B9 Custoner: ReTec Job nane: H89-03.136 

Keystone ID 
Date Sanoled 
Custoner ID' 

Samples 

136-001 
29-MAR-1989 
INF-I 

136-002 
29-MAR-19B9 
AC3 EFF-I 

136-003 
29-:«AR-19B9 
BNK-I 

136-004 
29-NAR-1989 
«kl-INFTNK 

136-005 
29-MAR-1989 
HKl'-SFCEFF 

136-006 
29-l«R-19B9 
HKI-ACIEFF 

Paraoeters Units 

LC610 
Carbazole ug/L 2.30 <2.00 N/A 2.38 2.49 <2.00 
Naohthalene ug/L 765 <2.00 N/A 866 743 <2.00 
Acenaohthylene ug/L 84.0 <2.00 N/A 40.6 34.0 <2.00 
Acenaphthene ug/L 48.9 <2.00 N/A 35:9 31.0 <2.00 
Fluorene ug/L 13.3 <0.200 N/A 12.5 9.83 <0.200 
Phenanthrene ug/L 7.21 <0.500 N/A 8.17 5.66 <0.500 
Anthracene ug/L <0.500 <0.500 N/A 2.65 <0.500 ^0.500 
Fluoranthene ug/L <0.200 <0.200 N/A <0.200 <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 N/A <0.200 <0.200 <0.200 
'Benzol a 1 anthracene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 N/A <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
BenzolkIfluoranthene u^L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzo(a)pyrene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Dibenzo(.a,h)anthracene ug/L <0.030 <0.030 N/A <0.030 <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 N/A <0.050 <0.050 <0.050 
Indeno{l,2,3-c,d)pyrane ug/L <0.050 <0.050 N/A <0.050 <0.050 <0.050 



a-HPR-1989 Page' 3 

Sunmary of Analytical Results 

Date received: 30-NAR-19S9 Custoner: ReTec Job naoe: M89-03.1J6 

'Keystone ID 
Date Saaoled 
Custoner ID 

Sanoles 

136-007 
29-IWR-1989 
WK1-AC2EFF 

136-008 
29-NAR-19B9 
UK1-AC3EFF 

Paraneters Units 

tC610 
Carbazole ug/L <2.00 ^2.00 
Naphthalene ug/L <2.00 <2.00 
Acenaphthylene ug/L <2.00 <2.00 
Acenaphthene ug/L <2.00 <2.00 
Fluorene ug/L <0.200 <0.200 
Phenanthrene ug/L <0.500 <0.500 
Anthracene ug/L <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200' <0.200 
Benzol a)anthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
Benzolblfluoranthene ug/L <0.020 <0.020 
Benzolklfluoranthene u^L <0.020 <0.020 
Benzolaipyrene ug/L <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 
Indeno('l,2,3-c,d)pyrene ug/L <0.050 <0.050 



2a-HpR-1989 Page 6 

Suuaary of Analytical Results 

iDate received: 30-!1AR-19B9 Custooer: ReTec Job name: H89-03.136 

Keystone ID 
Date SaDoled 
Custoner ID 

Saaoles 

136-001 136-002 
:9->WR-l,9B9 29-'«IAR-19B9 
IMF-I AC3 EFF-I 

Paraneters Units 

I1S624 
Chloroaethane 
BroBfloethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
TrichlorofluoroBethane 
1,1-Dichloroethene 
1.1-Oichloroethane 
trans-1,2-Dichloroethene 
Chlorofora 
1.2-Dichloraethane 
1.1.1-Trichloroethane 
Caroon tetrachloride 
Bronodicnloroaethane 
1,2-Dichloropropane 
CIS-1,3-Dichloropropene 
Trichloroethene 
Benzene 
Dibroaochlonoethane 
1.1.2-Trichlorothane 
trans-1,3-Dichloropropene 
2-Chloroethylvinyl ether 
BroBofoni 
1,1,2,2-TetrachlDroethane 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 

ug/L UO.O <10.0 
ug/L <10.0 <10.0 
u^L 31.0 <10.0 
ug/L <10.0 <10.0 
u^L 17.0 15.0 
ug/L <10.0 <10.0 
ug/1 <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 40.0 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
u^L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 110 <5.00 
ug/L 97.0 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <10.0 <10.0 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
u^L 57.0 <5.00 
ug/L 11.0 <5.00 
ug/L <5.00 <5.00 
u^L 79.0 <5.00 



28-APR-19a9 :Paae ? 

Sumary of Analytical Results 

Date receivea:' 30-HAR-19B9 Custooer: ReTec Job'naae: H89-03.136 

Keystone ID' 
Date Sanpled 
Custoner ID 

Samples 

136-002 
29-NAR-1989 
AC3 EFF-I 

Parameters Units 

HS625 
1,3-Dicnlorobenzene ug/L <20.0 
1,4-Dichlorobenzene ug/L <20.0 
Hexachl'oroethane ug/L <20.0 
fiis(2-chloroethyl) ether ug/L <20.0 
1,2-Dichlorobenzene ug/L <20.0 
Bis(2-chloroisopropyl) ether ug/L <20.0 
N-Nitrosodi-n-propylamine ug/L <20.0 
Nitrobenzene ug/L <20.0 
Hexachlorobutadiene ug/L <20.0 
1,2,4-Trichlorobenzene ug/L <20.0 
IsoDhorone ug/L <20:0 
Naohthalene ug/L <20.0 
Bis(2-chloroethoxy) imethane u^L <20.0 
Hexachlorocyclopentadiene ug/L <20.0 
2-Chloronaphthalene ug/L <20.0 
Acenaphthylene ug/L <20.0 
Acenaphtnene ug/L <20.0 
Dimethyl phthalate' ug/L <20.0 
2,6-Oinitrotoluene ug/L <20.0 
Fluonene ug/L <20.0 
4-Chlarophenyl phenyl ether ug/L <20:0 
2,4-Dinitrotoluene ug/L <20.0 
Oiethylphthalate u^L <20.0 
N-Nitrosodiphenylamine ug/L <20.0 
Hexachlorobenzene ug/L <20.0 
4-Bromophenyl phenyl ether ug/L <20.0 
Phenanthrene ug/L <20.0 
Anthracene ug/L <20.0 
FluoranthenC' ug/L <20.0 
Pyrene ug/L <20.0 



\ 

\/ Page 3 

Suutary of Analytical Results 

Date received: lS'APR-1989 Custoner: ReTec Job naae: N89-04.B5 

/ 

/ Sanples 

Keystone ID 
Date Saooled 
Custoner ID 

Piraoexers 

85-005 
17-APR-19S9 
FEED TO INFTNK 

Units 

HS6I5 (continueoi 
Benzidine 
Butyl ibenzyl phthalate 
Bis(2-ethylexyl) phthalate 
Chrysene 
Benzol a)anthracene 
3,3'-0ichlorobenzidine 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzola)pyrene 
Indenol1,2,3-c,d)pyrene 
Dibenzola,hianthracene 
Benzolghi)perylene 
N-Nitrosoduethylaaine 
2-Chldrophenol 
2',4-Dichlorophenol 
2,4-DiBethylphenol 
4,o-Dinitro-2-oethylphenol 
2,4-Dinitrophenol 
2-Nitraphenol 
4-Nitrophenol 
4-Chloro-3-nethylphenol 
Pentacnlorophenol 
Phenol 
2,4,b-Trichlorophenol 
Di-n-outyl .phthalate 

ug/'L <100 
ug/L <10.0 
ug/.L 37.0 
ug/L <10.0 
ug/L <10.0 
u^'L <20.0 
ug/L <10.0 
ug/L <•10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <50.0 
ug/L <50.0 
ug/L <10.0 
ug/L <50.0 
ug/L <10.0 
ug/L <50.0 
ug/L <10.0 
ug/L <10;0 
ug/L <10.0 



30-flAY-19B9 Page 

Sunuary of Analytical Results 

Date received: ia-APR-1989 Custoner: ReTec lob naae: H&9-04.B5 

Keystone ID 
Date Saooled 
Customer ID 

Samples 

85-005 
17-APR-1989 
FEED TO INFTNK 

Parameters Units 

MS6Z5 
1,3-Oicnlorobenzene ug/L <10.0 
1,4-DichloroDenzene ug/L <10.0 
Hexichloroethane ug/t <10.0 
Bis(2-chloroethyl} ether ug/L <10.0 
1,2-Dichlorobenzene ug/L <10.0 
Bis(2-cnloroisopropyl) ether ug/L <10.0 
N-Nitrosodi-n-propylamine ug/L <10.0 
Nitrobenzene ug/L <10;0 
Hexachlorobutadiene ug/L <10.0 
1,2|4-Trichlorobenzenc ug/L <10;0 
Isopnorone' ug/L <10.0 
Napnthalene ug/L 470 
Bis(2-chloroethoxy) methane ug/L <10.0 
iHexachlorocyclopentadiene ug/L <10.0 
2-Chloronaphthalene ug/L <10.0 
Acenaphthylene ug/L <10.0 
Acenaphthene ug/L 35.0 
Dimethyl' phthalate . ug/L <10.0 
2,6-Dinitrotoluene ug/L <10.0 
Fluorene ug/L 12.0 
4-Chlorophenyl, phenyl ether ug/L <10.0 
2,4-DinitrQtoluene ug/L <10;0 
Diethylphthalate ug/L <10.0 
N-Nitrosodiphenylamine ug/L <10.0 
Hexachlorobenzenc ug/L <10.0 
4-Bromophenyl phenyl ether ug/L <10.0 
Phenanthrene ug/L <10.0 
Anthracene ug/L <10.0 
Fluoranthene ug/L <10.0 
Pyrene' ug/L <10.0 



'28-rtPfi-i559 Pige B 

Sunnary of Analytical Results 

Date received: 30-HAR-1989 Custoaer: ReTec Job naae: <K89-03.136 

Saaoles 

Keystone ID 136-002 
Date Sanoled 29-MR-19B9 
Customer ID AC3 EFF-I 

Parimeters Units 

nS625 (continued) 
Benzidine ug/L <200 
Butyl benzyl phthalate ug/L <20.0 
Bis|2-ethylexyl) pnthalate ug/L <20.0 
Chrysene ug/L <20.0 
Benzola)anthracene u^L <20.0 
3,3'-Dichlorobenzidine ug/L <40.0 
Di-n-octyl phthalate ug/L <20.0 
BenzoCbifluoranthene ug/L <20.0 
Benzolkjfluoranthene ug/L <20.0 
Benzola)pyrene ug/L <20.0 
indenoil,2,3-c,d)pyrene u^L <20.0 
Oibenzo(a,hlanthracene ug/L <20.0 
Benz0(ghi)perylene ug/L <20.0 
N-Nitrosodiaethylanine ug/L <20.0 
2-Chlorophenol u^L <20.0 
2,.4-Dichlorophenol ug/L <20.0 
2,4-DiBethylphenol u^l <20.0 
4,6-Dinitro-2-aethylphenol ug/L <100 
2,4-Dinitrophenol ug/L <100 
2-Nitrophenol ug/L <20.0 
4-Nitrophenol ug/L <100 
4-Chl'oro-3-Bethylphenol ug/L <20.0 
Pentachlorophenol' ug/L <100 
Phenol ug/L <20.0 
2,4,6-Trichlorophenol ug/L <20.0 
Di-n-butyl phthalate ug/L <20.0 
1,2-Diphenylhydrazine ug/L <20.0 



14-JUL-I9a9 Pige 1 

Sumary of Analytical Results 

Date received; a)-JUN-1989 Custoner; ReTec Job nane: Iffl9-06.100 

Keystone ID 
Date Saapled 
Custoaer ID 

Parameters 

Biochemical Oxygen Demand 
COO 
Ferrous Iron 
Hardness 
Ammonia Nitrogen as N 
Nitrite as N 
Nitrate as N 
Oil and Grease 
Grtnophosphate as Phorphorous 
PH 
Phenol 
Total Dissolved Solids 
''otal Organic Carbon 
•otal Suspended Solids 
Silver 
Arsenic 
Beryllium 
Cadmium 
Chromium' 
Copper 
Iron 
Dissolved' Iron 
Manganese 
Nickel 
Lead 
Antimony 
Selenium 
Thal'lium 
Zinc . 

Samples 

100-001 100-002' 100-003 
19-injN-1989 19-JUN-1989 I9-JUN-1989 
RTSkP INF-E RTSLP EFF-E RTSLP BNK-E 

Units 

mg/L 7.20 <1.00 <1.00 
mg/L 20.0 28.0 <10.0 
m^L 0.118 <0.100 <0.100 
mg/L 501 454 <1.00 
mg/L 1.05 <1.00 <1.00 
mg/L t0.020 <0.020 <0.020 
mg/,L <0.020 <0.020 <0.020 
mg/L <5.00 <6.00 <6.00 
m^L ^0.010 <0.010 <0.010 
units 7.6 7.6 5.8 
mg/L 0.124 0.012 <0.005 
mg/L 715 730 4.00 
mg/L 2.46 5.26 <1.00 
m^L 1.00 <1.00 <1.00 
ug/L <10.0 <10.0 NR 
ug/L <10.0 <10.0 NR 
ug/L <5.00 <5.00 NR 
u^L tS.OO <5.00 NR 
ug/L <10.0 <10.0 NR 
ug/L <25.0' <25.0 NR 
ug/L 1980 <100 <100 
ug/L 100 <100 <100 
ug/L 374 691 <15.0 
ug/L <40.0 <40.0 NR 
ug/L <5.00 <5.00 NR 
ug/L <<i0.0 <60.0 NR 
ug/L <5.00 <5^00 NR 
ug/L VlO.O <10.0 NR 
ug/L 83.0 31.1 NR 



14-JUL-1.989 Pige : 

Suooat7 of Analytical Results 

Date received: 20-JUN-19B9 Custoner: ReTec Job nane: H89-06.100 

keystone' ID 
Date Saapled 
Custooer ID 

Saoples 

100-001 
19-JUN-19B9 
RTSLP INF-E 

100-002 
19-JUN-19B9 
RTSLP EFF-E 

Parueters Units 

Gcsoa 
i-BHC ug/L xO.050' <0.050 
g-BhC ug/L <0.050 <0.050 
b-EHC ug/L ^0.050 <0.050 
Heptacnlor ug/L <0.050 <0.050 
d-BhC ug/L \0.050 <0.050 
lAldrin ug/L <0.050 <0.050 
Heptachlor epoxide ug/L <0.050 <0.050 
Endosulfan I ug/L <0.050 <0.050 
4,4'-DDE ug/L <0.100 <0.100 
Dieldrin ug/L <0.100 <0.100 
Endrin ug/L <1.00 <0.100 
4,4'-DDD ug/L <1.00 <0.100 
Endosulfan I<I ug/L <1.00 <0.100 
4,4'-DDT ug/L <1.00 <0.100 
Enorin aldehyde ug/L <0.100 <0.100 
Endosulfan sulfate ug/L <0.100 <0.100 
Hethoxychlor ug/L <0.500 <0.500 
Chlordane ug/L <0.500 <0.500 
Toxaphene ug/L <1.00 <1.00 
PCS-1016 ug/L <0.500 <0.500 
PCB-1221 ug/L <0.500 <0.500 
PCB-1232 ug/L <0.500 <0.500 
PCB-i:42 ug/'L <0.500 <0.500 
PCB-1248 ug/L <0.500 <0.500 
PCB-1234 ug/L <1.00 <1.00 
PCB-1260 ug/L <1.00 <1.00 



14-JUL-19B9 'Page 3 

Suanary of Analytical Results 

Date received: 20-JliN-1989 

Sanples 

Custoner: ReTec 

Heystone ID 100-001 100-002 
Date Saopled 19-JUN-1989 19-JUN-19B9 
Custoaer ID RTSLP INF-E RTSLP EFF-E 

Piriaeters Units 

LC610 
Caroazole ug/L 11.1 <2.00 
Naonthalene ug/L 747 <2.00 
Acenaphthylene u^L 106 <2.00 
Acenaphthene ug/L 60.2 <2.00 
Fluorene ug/L 14.4 <0.200 
Phenanthrene ug/L 7.03' <0.500 
Anthracene ug/L 0.691 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene u^L <0.200 <0.200 
BencoUIanthracene ug/L <0.020. <0.020 
Chrysene ug/'L <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 
Benzoik)fluoranthene ug/L ^0.020 <0.020 
Benzolalpynene ug/L <0.020 <0;020 
Dibenzoia,h)anthracene u^L <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 
Inaeno(l,2,3-c,d|pyrene ug/L <0.050 <0.050 



14-JUL-I9fl9 Page 4 

Sumary of Analytical Results 

Date received: 20-J1JN-19B9 Custoner: ReTec Job naoe: N89-06.100 

Keystone lb 
Date Saopleo 
Custoner ID 

Sanples 

100-001 
19-JlJN-19fl9 

•RTSLP INF-E 

100-002 
19-iUN-l'»89 
RTSLP EFF-E 

Paraneters Units 

HSoZ4 
Chloronethane ug/L ao.o <10.0 
Brononethane ug/L <10.0 <10.0 
Vinyl cnloride ug/L 13.0 <10.0 
Chloroethane ug/L <10.0 <10.0 
Methylene chloride ug/L <5.00 <5.00 
T richlorofluoronethane ug/L UO.O <10.0 
1,1-Oichloroethene ug/L ^5.00 <5.00 
1,1-Dichloroethane ug/L <5.00' <5.00 
trans-1,2-Dichloroethene u^L 25.0 <5.00 
Chlorofora ug/L <5.00 <5.00 
l',2-Dicnloroethane ug/L <5.00 <5.00 
1,1,1-Trichloroethane ug/L <5.00 <5.00 
Carbon' tetrachloride ug/L <5.00 <5.00 
BroDodichloronethane ug/L <5.00 <5.00 
l',2-Dicnloropropane ug/L <5.00 <5.00 
CIS-1,3-Dicnloropropene ug/L <5.00 <5.00 
Trichloroethene ug/L 83.0 <5.00 
Benzene ug/L 100 <5.00 
Dibroaochloronethane ug/L ^5.00 <5.00 
1,1,2-Trichloroethane u^L <5.00 <5.00 
trans-1,3-Dichloropropene ug/L ^5.00 <5.00 
2-Chloroethylvinyl ether ug/L <1U.0 <10.0 
Broaofora u^L <5.00 <5.00 
1,1,2,2-Tetrachloroethane ug/L <5.00 <5;00 
Tetrachloroethene ug/L 25.0 <5.00 
Toluene ug/L 12.0 <5.00 
iChlorobenzene ug/L \5.00 <5.00 
Ethyl benzene ug/L 92.0 <5.00 



14-JUL-1989 Pige 0 

Sunnary of Analytical Results 

Date received: 20-JUN-1989 Custooer: ReTec Job nane: HB9-06.100 

Saaples. 

Keystone ID 100-001 100-002 
Date Saepled 19-JUN-1989 19-JUN-1989 
Custoiier ID RTSLP INF-E •RTSLP EFF-E 

Piraneiers Units 

I1S625 (continueo) 
Inoenoil,2,J-c,d)pyrene ug/L CO.O <20.0 • 
Dibenzo(a,h;antnracene u^L <20.0 <20.0 
Benzotgmlperylene ug/L ^20.0 <20.0 
N-Nitrcsooinethylaoine u^L <20.0 <20.0 
2-Chloropnenol ug/L <20.0 <20.0 
2,4-Dichloropnenol ug/L <20.0 <20.0 
2,4-Duethylphenol u^L 30.0 <20.0 
4,6-Dinitro-2-Detbylphenol ug/L <100 <100 
2,4-Dinitrophenol u^L <100 <100 
2-Nitrophenol ug/L <20.0 <20.0 
4-NitroDhenol ug/L <100 <100 
4-Chloro-3-Bethylphenol ug/L <20.0 <20.0 
Pentichlorophenol ug/L <100 <100 
Phenol ug/L <20.0 <20.0 
2,4,6-Trichlorophenol ug/L <20.0 <20.0 
Di-n-butyl phthalate ug/L <20.0 <20.0 
1,2-Oipnenylhydrazine ug/L <20.0 <20.0 



14-ilJL-19d9 Pige 

Suoaary of Analyticsl Results 

Date received: 20-iIlJN-1989 Custoaer: ReTec Job nane:'H39-06.100 

Keystone ID 
Date Sanpled 
Custooer ID 

Sanples 

100-001 
19-J1JN-1989 
RTSLP INF-E 

100-002 
19-JIJN-19B9 
RTStP EFF-E 

Paruieters Units 

HS625 
1,3-Dicnlorobenzene ug/L <20.0 <20.0 
1,4-Dichlorobenzene ug/L <20.0 <20.0 
Hexachioroethane ug/L <20.0 <20.0 
Bis(2-chloroethyi) ether ug/L <20.0 <20.0 
1,2-Oicnlorobenzene ug/L <20.0 <20.0 
Bis(2-cnloroisopropyl) ether ug/L <20.0 <20.0 
M-Nitrosodi-n-propylaaine ug/L <20.0 <20.0 
Nitrobenzene ug/L <20.0 <20.0 
Hexicnlorobutadiene ug/L <20.0 <20.0 
1,2,4-TrichloroDenzene ug/L <20.0 <20.0 
Isophorone ug/L <20;0 <20.0 
haohthaiene ug/L 1900 <20.0 
Bisi2-cnloroethoxy) nethane' ug/L <20.0 <20.0 
Hexachlorocyciopentaoiene ug/L <20.0 <20.0 
2-Chioronapnthalene ug/L <20.0 <20.0 
Acenaonthyiene ug/L <20.0 <20.0 
Acenaphthene ug/L <20.0 <20.0 
Diaethyl phthalate ug/L <20.0 <20.0 
2,6-;DinitrotoIuene ug/L <20.0 <20.0 
Fluorene ug/L 21.0 <20.0 
4-Chlorophenyl phenyl ether ug/L <20.0 <20.0 
2,4-DinitrotoIuene ug/L <20.0 <20.0 
Oiethylphthaiate ug/L <20.0 <20.0 
N-Nitrosodiphenylaeine ug/L <20.0 <20.0 
Hexachlorobenzene ug/L <20.0 <20.0 
4-Bnaaophenyl phenyl ether ug/L <20.0 <20.0 
Phenanthrene ug/L <20.0 <20.0 
Anthracene ug/L <20.0 <20.0 
Fluonanthene ug/L <20.0 <20.0 
Pyrene ug/L <20.0 <20.0 
Benzidine ug/L <200 <200 
Butyl benzyl phthalate ug/L <20.0 <20.0 
Bis(2-ethylhexyl')i phthalate ug/L <20.0 120 
Chrysene ug/L <20.0 <20.0 
Benzo{>a) anthracene ug/L <20.0 <20.0 
3,3'-Dichlorobenzidine ug/L <40.0 <40.0 
Di-n-octyl phthalate ug/L <20.0 <20.0 
Benzo(b)fluorinthene ug/L <20.0 <20.0 
:Benzo(k)fluorinthene u^L <20.0 <20.0 
Benzolaipyrene ug/L <20;0 <20.0 
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APPENDIX C 

ReTeC'S STANDARD OPERATING PROCEDURES 

SOP 507; SAMPLE HANDLING FOR SHIPMENT OF 
ANALYTICAL AND TREATABILITY SAMPLES 
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STANDARD OPERATBNG PROCEDURES 

Sami^le Handling for Shipment of Anaiyticai 
and Treatability Samples 

1.0 PURPOSE AND APPLiCABILITY 

This Standard Operating Procedure (SOP) describes sample labeiing, packaging and chain-of-custody 
procedures for shipping sampies from a site iocation at the time of collection through receipt of the 
samples at a designated laboratory. Laboratory receipt of soil, sludge or water sampies refers to receipt 
at either an analytical laboratory or a treatability laboratory for subsequent testing. This SOP also 
identifies the procedures for transport of unused treatability sampies back to the particular site iocation 
from which they were taken. Samples sent to an analytical laboratory are generally handled by the 
respective laboratory and thus there is not need for retum of unused anaiyticai sampies back to the 
site. The SOP also relates to samples sent to an analytical laboratory associated^ with pilot-scale or 
bench-scale treatability testing. 

The objective of this SOP is to document proper procedures for sample shipping and handling as: 
(1) to ensure sample integrity, (2) to ensure sample quality conforming to proper holding times and 
using proper sample preservatives, and (3) to identity chain-of-custody protocol to document the,sample 
history from collection through transport to the lab. 

This SQP does not pertain to shipment of listed hazardous waste samples but rather to soil, sludge or 
water sampies contaminated with respective chemicals for treatability testing, and to respective anaiyticai 
samples for characterization testing. 

Section 2 cites the different personnel responsibilities and Section 3 lists the supporting materials 
related to this SOP. Section 4 details the methods and procedures and Section 5 cites quality 
assurance/quality control. Section 6 relates to Health and Safety, and Section 7 relates to 
documentation. 

2.0 RESPONSIBILITIES 

It is the responsibility of the field team leader to ensure that samples are properly labeled and 
packaged for transport. The field team leader is also responsible for the field sample notebook and 
chain-of-custody protocol for sample documentation during- handling and transport, it's the 
responsibility of the lab coordinator to finalize the chain-of-custody procedures outlined in this SOP. 
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The field team leader Is also responsible to see that all related Health and Safety field procedures are 
properly followed. He Is also responsible to check with the project engineer or manager to ensure that 
the samples shipped are not listed as hazardous wastes. If they are, then ReleC's SOP No. 520 
related to sample shipping and handling of hazardous wastes should be followed. 

3.0 SUPPORTING MATERIALS 

The following general equipment Is needed: 

1. Common coolers for shipment of analytical samples. 
2. Styrofoam or other packing material. 
3. Analytical sample bottles with preservatives. 
4. Packing tape. 
5. DOT approved 5-gallon plastic containers with air tight lids. 

4.0 METHODS AND PROCEDURES 

Specific methods and procedures related to labeling; packaging, chaln-of-custody and laboratory log-
In' are given In the respective sub-sections. 

4.1 Labeling 

Samples are identified using standard RETEC sampie iabels as In Attachment 1. Each' label contains 
Information on: 

1. Sample Identification. 
Z Sampling location. 
3; Date of collection. 
4. Time of day. 
5. identity of sampler. 
6. Tests requested (for analytical). 
7. Preservatives. 

Labels are attached immediately after samples are collected. 

Specific to treatability samples, informational labels may be needed to describe the contents of a 
shipping carton, list any procedures to follow in the event of leakage or an accidental spill, and list 
person or persons to contact in. the event of any leakage or a spill. 
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4.2 Packaging 

Small samples for chemical or physical analysis purposes are packaged In containers suitable for 
transport (coolers, boxes or transport cartons). Styrofoam or other packing material is used as an 
insuiator/fiiler to prevent excess movement and breakage of sample bottles. Ice or cold packs are 
added to keep the shipment cool during, transport All shipping containers are wrapped with a packing 
tape and secured with a standard RETEC custody seal (see Attachment 1). 

Custody seals are used as a quality assurance procedure to prevent tampering during transport. The 
seals contain information on: 

1. The date samples were packaged. 
2. The signature of sampler/packer. 
3. Seal identification number. 

Large samples for treatability testing are packaged in Department of Transportation (D.O.T.) approved 
55-gailon drums or 5-gaiion buckets. Ail containers have lockable, airtight seals which prevent 
accidental spillage during handling and transport A sample label and custody seal: are placed on 
each container prior to transport. 

Samples for analytical water testing are usually collected in designated pre-presenred glass bottles with 
the specific presenrative added dependent upon the particular anal^lcal test requested. Soil and 
sludge samples generally do not receive such preservative treatment. 

A field log notebook is to be kept by the site coordinator and should contain the following information: 

1. Sample number. 
2. Sampling Location. 
3. Sample type. 
4. Date andi time of sampling. 
5. Name of sampler. 
6. Visual description of sample. 

4.3 Shipping 

To comply with designated holding times for analytical testing, samples should be transported from the 
site to the respective laboratory within a 24-hour period. This can be accomplished by carrying the 
samples yourself or using an overnight delivery sen/Ice. Designated holding times vary depending 
upon the specific analyses to be run and! can be obtained from the laboratory performing the analytical 
testing; Attachment 2 is to accompany all respective samples sent to an analytical laboratory. 

For treatability samples, there is no designated holding time. However, samples should be no longer 
than 4 to 5 days In transit Soil and sludge samples are not as critical' as water samples. 
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4.4 Chain-of-Custodv 

All sample containers will be accompanied by REliEC's standard chain-of-custody form as shown in 
Attachment 3. Procedures used for proper chain-of-custody manifesting of sampies inciude: 

1>. The sampier wiil complete the chain-of-custody form 
which includes: 

a Sampling location. 
b. Name of sampier. 
c. Sample date and time. 
d. Sample identification number. 
e. Sample descriptions. 
f. Number of containers. 
g. Analysis (if applicable). 

2. Upon relinquishing sampies to the transporter, the sender will request the 
courier's signature and the date and time of processing for transport. 

3. A copy of each chain-of-custody form will be retained with the field sample book 
while the original wiil be sent with the sampies. 

4. Upon receipt of. the samples at the laboratory, the chain-of-custody form will be 
signed by a person-in-charge along with the date and time sample was 
received. 

5. The original wiil be retained at the lab with a copy sent to the project manager 
and/or project engineer. 

6. The authority of the chain-of-custody manifest wiil be relinquished to the quality 
assurance protocol of the receiving laboratory. 

4.5 Loa-ln 

Ail samples entering the laboratory will/be recorded in a log-in book. Information recorded includes: 

assignment of identification number 
sampling.personnel 
receiving personnel 
date received 
date sampled 
sample type 
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• project number 
• sample location 
• date retumed or disposed 

Treatability samples are to be placed into a cooler approx. 5^C for preservation until their use. At the 
conciusion of the project, the remaining sampie wili be logged out and retumed to the client. The date 
and destination of the sampies will be noted in the log-in book. 

5.0 QUALITY ASSURANCE/QUALITY CONTROL 

With regard to analytical samples, QA/QC Is addressed by being aware of the following procedures: 

1. Complying with the designated holding times. 
2. Using trip blanks to accompany the respective sampies. 
3. Packaging the samples properly to guard against breakage. 
4. Inspection of sampies upon receipt to check that they were not 

tampered with. 

QA/QC for treatability samples can be addressed by the following: 

1. Using durable sample containers which are air-tight to prevent any 
leakage or volatile loss. 

2. With special reference to water samples, respective samples can be 
taken for indicator analytical parameters (e.g., pH) just prior to shipment 
and sampled for these same parameters upon receipt at the laboratory 
as a check that the quality did not significantly change in transit It is 
more difficult to perform such a check with, regard to soil and sludge 
samples due to their heterogeneous nature. 

6.0 HEALTH AND SAFETY 

During packaging of sampies, the fieid coordinator should check to ensure that all' field personnel are 
taking proper measures by wearing, at a minimum, gloves and safety glasses; and if warranted, more 
protection such as a dust mask or a vapor face mask. Care should be taken to ensure the Integrity 
of the samples during shipment, particularly against leakage or breakage. 

A meeting should be held between the project manager and/or the project engineer and the field 
personnel to discuss all related health and safety Issues associated with sample handling and 
shipment 
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Upon receipt of the samples at the designated laboratory, the respective sample coritainers should be 
opened under a fume hood with personnel wearing proper protective clothing. There is a possibiiity 
that gases couid have buiit up in concentration during shipment. 

7.0 DOCUMENTATION: 
Proper documentation for this SOP inciudes: 

1. Fiiiingi out ail previously described field books and shipping labels. 
2: Attaching any informational sheets to samples. 
3. A properly executed chain-of^ustody form; 

All related documentation will be retained in the laboratory project file during testing and in the office 
central' file once the overall project is completed. 
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PITTSBURGH TREATABIUTY LABORATORY 

ANALYTICAL REQUEST SHEET 

PAGE 

PROJECT CONTACT: 

ADDRESS: Remediation Technologies: Inc. 

ANALYTICAL LAB: 

DATE SUBHI<nED: 

3040 William Pitt Way 

_Ptt 3h. PA 15238 

RETEC PHONE NO.: ^4121 826-3340 

DATE RESULTS DUE:_ 

PURCHASE ORDER NO. 

PROJECT NO.: 

SAMPLE ID 
NO. OF 
SAMPLE 
CONTAINl 

MATRIX PARAMETERS 
METHOD 

REQUIRED 
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DETECTION 
UMIT 

I 

• • 
SPECIAL INSTRUCTIONS: 
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Technical Service Report No. 1238-26 May 3, 1989 
T. ?. Hartlg 2 

IHTRODUCTIOH 

REXEC la Involved in a groundwater remediation project in Minnesota.. A sample of 
the contaminated water was shipped to CCC for a phenol and napthalene removal ACT. 

SCMMARX AND CONCLUSIONS 

An ACT simulating a dual Model 7.5 with 20,000 lbs of r-300 at 80 gpm was run for 
napthalene removal. 

0 The napthalene concentration In the filtered feed water was <l ppb. 

o The ACT simulated 39.356 MM gallons treated and 343.3 days on-line without 
napthalene breakthrough. 

DISCUSSION 

The remediation site is a former tar and chemical works in Minnesota. Removal of 
polynuclear aromatic compounds and phenol from the groundwater is the object of 
this phase of the project. 

CCC received three S-gallon plastic buckets of the groundwater for the study. An 
iron/solids removal pretreatment process had reportedly been applied to this water. 
However, the samples contained a large amount of suspended solids, which resembled 
iron floe. A pressure filtration step was employed to remove this floe and to 
preserve the semi-volaclle napthalene eoatamlnant. 

GC analysis of a decant of the unfiltered sample showed approximately 80 ppb of 
napthalene and no detectable phenol. After the pressure filtration step, which 
used a I micron filter cartridge, the napthalene level was <I ppb. This reduction 
was due to the affinity of the solids that are crapped on the filter cartridge for 
the napthalene. Previous studies of P. A. Reiser haye demonstrated this phenomena. 
She performed solvent extraction on the filter media and the retained solids. 
Large quantities of napthalene were recovered. 

The ACT was designed to simulate two Model 7.3 vessels tn series., with a total of 
20,000 lbs of P-300 carbon. The simulated operating conditions were 80 gpm flow 
rate, 1.8 gpm/ft surface loading rate, and 36 minutes contact time. 

A large effluent composite sample was collected for shipment to RETEC's contract 
laboratory for PNA, GC/MS, phenol, and metals analyses. The volume requirement 
necessitated a large simulation "window". The sample represents 168 simulated 
days, 19.233 MM simulated gallons, and 1.04 il'/IOOO gallons use rate. 

The study was run until depletion of feed. At chat point, 343.3 simulated days, 
39.334 MM simulated gallons, and 0.3#/1000 gallon use rate, the column effluent 
still showed no detectable napthalene. The carbon loading at termination was 
0.0164 mg napthalene/g carbon. 

The column effluent samples were collected in septum top vials to prevent 
volatilisation of the napthalene during the ACT run. Napthalene analysis was 
performed by EPA method 303.1, purge and trap with F.I.D. 

/njt 
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PRIORITY POLLUTANT RESULTS 

TABLE E-1 - VOLATILES 

TABLE E-2 - SEMI-VOLATILES 

TABLE E-3 - PESTICIDES 

TABLE E-4 - METALS 

TABLE E-S - MISCELLANEOUS 



TABLE E-1 

VOLATILES 

PARAMETER WEEK 1 
INFLUENT EFFLUENT 

UEEK 13 
INFLUENT EFFLUENT 

1 
VOUTILES (ug/L) 

1 1 
1 1 

1 1 
1 1 

Chloramethane 1 < 10 1 < 10 1 •< 10 1 < 10 
Brenonwthane 1 < 10 1 < 10 1 < 10 1 < 10 
Vinyl Chloride 1 31 1 < 10 1 13 1 < 10 
Chloroethane 1 < 10 1 < 10 1 < 10 1 < 10 
Methylene chloride 1 17 1 13 1 < 3 1 < 3 
Trichlorof.luoromthena 1 < 10 1 < 10 1 < 10 1 < 10 
1,1-Oichloroethene 1 < 5 1 < 5 1 < 5 1 < 3 
1,1-Oichloroethane 1 « 3 1 < 3 1 < 3 1 < 3 
trens-1,2-0 i chloroothene 1 40 1 < 3 1 23 1 < 3 
Chloroform 1 < 5 1 < 5 1 < 5 1 < 3 
1,2-Oichloroethane 1 < 5 1 < 5 1 < 5 1 < 3 
1,1', 1-Trichloroethana 1 < 5 I < 5 1 < 5 1 < 3 
Carbon Tetrachloride 1 < S 1 < 3 1 < 3 1 < 3 
Brcmodi ch loromathane 1 < 5 1 < 3 1 < 3 1 < 3 
1,2-Oichloropropene 1 < 5 1 < 3 1 < 3 1 < 3 
cis-1,3-Dichloropropena \ < s 1 < < 3 
Trichloroatheno 1 110 1 < 3 1 83 1 < 3 
Benzene 1 97 1 < S 1 100 1 < 3 
Oibromochloroeiethane 1 < 3 1 < 5 1 < 5 1 < 3 
1,1,2-Trichloroethene 1 < 3 1 < 5 \ < 5 1 < 3 
trans-1,3-0 i ch loropropene 1 < 5 1 < 3 1 < 3 1 < 3 
2-Chloroethylvinyl ether 1 < 10 1 < 10 1 < 10 1 < 10 
Bromoform 1 < s 1 < 3; 1 < 5 1 < 3 
1. t,2,2-Tetrachloroethane 1 < 3 1 < 3 1 < 3 i < 3 
Tetrachloroethene 1 37 1 < 3 1 25 1 < 3 
Toluene 1 11 1 -< 3 1 12 1 < 3 
Chlorobenzene 1 < 3 1 < 5 1 < 3 1 < 3 
Ethyl benzene 1 79 1 < 3 1 92 I < 3 

Treatability Study Report for Treatment of 
Pumped Groundwaters at SL Louis Park, Minnesota 



TABLE E-2 

SEMI-VOLATILES 

PARAMETER WEEK 1 WEEK 13 
INFLUENT EFFLUENT INFLUENT EFFLUENT 

jsEMI-VOLATILES (ug/L) 
1 1,3-0<ehlorobenzefW 1 < 10 < 20 < 20 < 20 1 
1 1,4-Olchlorobenzene 1 < 10 < 20 < 20 < 20 1 
1 Hexachloroethane 1 < 10' < 20 < 20 < 20 1 
1 Bis(2-ehlaraethyl) ethar 1 < 10 < 20 < 20 < 20 1 
1 1,2-Olehlarobanzane 1 •< 10 < 20 < 20 < 20 1 
1 B{s(2-chloro{sopropyl} ether [ < 10 < 20 < 20 < 20 I 
1 N-Nltrasod(*n-propylaa<ne |. < 10 < 20 < 20 < 20 1 
1 Nitrobenzene 1 < 10 < 20 < 20 < 20 1 
1 Hexachlerobutadlene 1 < 10 < 20 < 20 < 20 1 
1 1,2,4-Trichlorabenzene 1 < 10 < 20 < 20 < 20 1 
1 Isophorone 1 < 10 < 20 < 20 < 20 1 
1 Naphthalene 1 470 < 20 1900 < 20 1 
1 Bi8(2-chlorQethoxy) nethena 1 < 10 < 20 < 20 < 20 1 
1 Hexachloroeyclopentadlene 1 < 10 < 20 < 20 < 20 1 
1 2-Chloronaphthalene 1 « 10 < 20 < 20 < 20 1 
1 Acenaphthylene 1 < 10 < 20 < 20 < 20 1 
1 Acanaphthene 1 < 10 < 20 < 20 1 < 20 1 
1 Dimethyl phthalate 1 35 < 20 < 20 < 20 1 
1 2,6-Oinitrotolijene 1 < 10 •c 20 < 20 < 20 1 
1 Fluorene 1 12 < 20 21 < 20 1 
1 4'Chlorophenyl phenyl ether 1 < 10 < 20 < 20 < 20 1 
1 2,4-Dinitrotoluene 1 < 10 < 20 < 20 < 20 1 
1 Diethylphthelate 1 < 10 I < 20 < 20 < 20 1 
1 N-Nitrosodiphenylaarine 1 < 10 < 20 < 20 < 20 1 
1 Hexachlorobenzene 1 < 10 « 20 < 20 < 20 1 
1 4-Breoiophenyl phenyl ether 1 < 10 < 20 < 20 < 20 1 
1 Phenanthrene 1 < 10 < 20 < 20 < 20 1 
1 Anthracene 1 < 10 < 20 < 20 < 20 1 
1 Fluoranthena 1 < 10 < 20 < 20 < 20 1 
1 Pyrene 1 < 10 < 20 <c 20 < 20 1 
1 Benzidine 1 < 10 < 200 < 200 < 200 1 
1 Butyl benzyl phthalate 1 < 10 < 20 , < 20 < 20 1 
1 Bis(2-ethylhexyl} phthalate 1 < 10 < 20 . < 20 120 1 
1 Chryaena 1 < 10 < 20 < 20 < 20 [ 
1 Benzo(a}anthraeena 1 < 10 < 20 •€ 20 < 20 1 

Treatability Study Report fdr Treatment of 
Pumped Groundwatera at SL Louis Park, Minnesota 



TABLE Er2 cont. 

SEMI-VOLATILES 

PARAMETER UEEK 1 
INFLUENT EFFLUENT 

UEEK 13 

INFLUENT EFFLUENT 

1 1 
jSENI-VOLATILES (ug/L) | 

1 1 
1 1' 

1 
1 

1 3,3'-0<chlorabenz1d1na | < 0 1 < 40 1 < 40 1 < 40 j 
1 D(-n-octy( phthalata | < 0 1 < 20 |: < 20 1 < 20 I 
1 Benzo(b)fluoranthane | < 0 1 < 20 1 < 20 I < 20 1 
t Benzo(k)fluoranthene | < 0 i < 20 1 e 20 1 < 20 i 
1 Benzola)pyrene | < 0 t < 20 1 < 20 1 < 20 1 
1 Indeno(1,2,3-e,d)pyrene j < 0 1 < 20 I < 20 I, < 20 I 
1 Olbanzo(a,h)anthraeano | < 0 1 < 20 1 < 20 1 < 20. I 
1 Benzo(ghl'}perylena | < 0 1 < 20 1 < 20 1 < 20 1 
1 N-N<trosod1methylaa<na | < 0 I < 20 1 < 20 1 < 20 I 
1 2*Chlarophenol | < 0 1 < 20 j < 20 1 < 20 1 
1 2,4-OlchlorGphenol | < 0 1 < 20 i| < 20 1 < 20 1 
1 2,4-Olniethylphanol | < 0 1 < 20 J 30 1 < 20 1 
t i,6-0lnitro-2-fliathylphenol J < 0 I < 100 1 < 100 I < 100 I 
1 2,4-DlnitrophenQl | < 0 I < 100 j < 100 1 < 100 1 
1 2-Nitrophanel j < 0 1 < 20 1 < 20 j < 20 1 
1 4-Nltrephanol j < 0 1 < 100 1 < 100 1 < 100 1 
1 4-Chloro*3-nethylphanol | < 0 1 < 20 1 < 20 1 e 20 1 
1 Pentachlorophanol | < 0 I < 100 1 < 100 1 < 100 1 
1 Phefwl I < 0 1 < 20 1 < 20 1 < 20 1 
1 2,4,6-Trlchlorophanol | < 0 1 e 20 1 < 20 1 < 20 1 
1 D1-n>butyt phthalata j < 0 1 < 20 1 < 20 1 < 20 1 
I 1,2-0(phcnylhydrazfna ij < 0 1 < 20 1 < 20 1 < 20 1 

Treatability Study Report for Treatment of 
Pumped Groundwatera at SL Loula Park, MInneaota 



TABLE E-3 

PESTICIDES 

PAIMNETER UEEK 1 UEEK 13 
INFLUENT EFFLUENT INFLUENT EFFLUENT 

[PESTICIDES (ug/L) 
1 
1 

1 
1 

1 a-BHC 1 < 0.5 < 0.05 < 0.05 < 0.05 1 
1 S-BHC |: < 0.5 < 0.05 < 0.05 < 0.05 i 
1 b-BHC 1 < 0.05 ' < O.DS < 0.05 < 0.05 1 
1 Hepcachlor 1 < 0.05 < < 0.05 < 0.05 < 0.05 1 
1 d-BHC 1 < 0.05 < 0.05 < 0.05 < 0.05 1 
1 Aldrtn 1 < 0.05 < 0.05 < 0.05 < 0.05 1 
1 Heptachlor apoxlda 1 < 0.05 < 0.05 < 0.05 < 0.05 1 
1 Endoaulfan I 1 < 0.05 < 0.05 < 0.05 < 0.05 1 
i 4,4'-DOE 1 < 0.1 < 0.1 < 0.1 < 0.1 1 
1 Dieldrin 1 < 0.1 < 0.1 < 0.1 < 0.1 1 
1 Efidrin 1 < 0.1 < 0.1 , < 1 < 0.1 1 
1 4.4'-0D0 1 < 0:1 < 0.1 < 1 < 0.1 I 
1 Endoaulfan 11 1 < 0.1 < 0.1 < 1 < 0.1 1 
1 4,4'-0DT 1 < 0.1 < 0.1 < 1 < 0.1 1 
1 Endrin aldehydt 1 < 0.1 < 0.1 1 < 0.1 < 0.1 f 
1 Endoaulfan aulfato 1 < 0.1 < 0.1 < 0.1 < 0.1 1 
1 Nothoxyehlor 1 < 0.5 < 0.5 < 0.5 < 0.5 1 
1 Chlordana 1 < 0.5 < 0.5 < 0.5 < 0.5 1 
1 Toxapheno 1 < 1 < 1 < 1 < 1 1 
i PCS-1016 1 < 0.5 < 0.5 < 0.5 < 0.5 1 
1 PCS-1221 1 < 0.5 < 0.5 < 0.5 < 0.5 1 
1 PCS-1232 1 < 0.5 < 0.5 < 0.5 •c 0.5 1 
1 PC8-1242 1 < 0.5 < 0.5 < 0.5 < 0.5 1 
1 PC8-1248 1 < 0.5 < 0.5 < 0.5 < 0.5 1 
1 PCS-1254 1 < 1 < 1 < 1 < 1 1 
1 PCa-1260 1 < t < 1 < 1 < 1 1 

•1 

Treatability Study Report for Treatment of 
Pumped Groundwaters at SL Louis Park, Minnesota 



TABLE E-4 

METALS 

PARAMETER WEEK 1 WEEK 13 

INFLUENT EFFLUENT INFLUENT EFFLUENT 

IMETALS (mg/L): 
1 1 
1 1 

1 
1 

ll 
l! 

1 Sl.lvar 1 < 0.010 1 < 0;010 1 < 0.010 1 < 0.010 1 
1 Arsenic 1 < 0.010 1 < 0.010 1 < 0.010 1 < 0.010 1 
1 iBeryUius 1 < O.OOS 1 < 0.005 1 < 0.005 1 < 0.005 1 
1 Cadnius 1 < O.OOS 1 < 0.005 1 < 0.005 |: < 0.005 1 
1 Chroaiin 1 < 0.010 1 < 0.010 1 < 0.010 I. < 0.010 1 
1 Copper 1 < 0.025 1 < 0.025 1 < 0.025 1 < 0.025 1 
ij Iron 1 1.840 1 < 0.100 1 1.080 1 < 0.100 1 
l| Dissolved' Iron 1 < 0.100 1 < 0.100 1 0.010 |l < 0^.100 1 
\ Manganese 1 0<374 I 0^034 1 0.374 1' 0.691 1 
'1 Nickel 1 < 0.040 t < 0.040 1 < 0.040 1 < 0.040' 1 
1 Lead 1 < 0.010 1 < 0.010 1 < 0.010 |< < 0.010 1 
|| AnciSBny 1 < 0.060 1 < 0;060 1 < 0.060 1 < 0^060 1 
1 SeleniuB 1 < 0.005 1 < 0.005 1 < 0.005 j: < 0:005 1 
\ ThelHua 1 <0.010 1 < 0.010 1 < 0.010 |i < 0.010 1 
1 Zinc 
1 

1 0.085 1 < 0^020 1 0.083 |: 0.031 1 
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TABLE E-5 

MISCELLANEOUS 

P/UUNETER UEEK 1 UEEX 13 
INFLUENT EFFLUENT INFLUENT EFFLUENT 

I i i i i I 
iNISCELtANEOUS (os/l): | | III 
I PhenoUes (4-AAP} | 0.074 | < O.OOS | 0.124 | 0.012 | 
I ^1 
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EXECUTIVE SUMMARY 

Reilly Industries, Inc (Reilly) contracted with Remediation Technologies, Inc. 
(ReTeC) of Pittsburgh, PA to perform an engineering evaluation of alternative treatment 
systems for pumped groundwaters at its former wood treating and coal tar reSning site 
Ibcated in St. Louis Park, Minnesota, which is a Superfund site. A Remedial Action Plan 
(RAP) embodied within a Consent Decree among Reilly, the City of St. Louis Park (City), 
the Minnesota Pollution Control Agency (MPCA) and the U.S. Environmental Protection 
Agency (U.S. EPA) provides specific requirements for remedial action of site 
groundwaters. 

To comply with the provisions of the RAP in terms of achieving groundwater 
treatment objectives, ReTeC, using historic groundwater quality data, performed an 
engineering screening evaluation with biological fluidized bed, ozone/UV, hydrogen 
;peroxide/UV and activated carbon treatment considered as potential options based on 
technical feasibility. This evaluation focused on: (i) combined treatment of wells 
W420/W421 with single treatment of well W23, and (ii) combined treatment of all three 
wells. In terms of both technical and economic considerations (i.e., capital and O&M 
costs)^ activated carbon treatment of all three wells combined offered the best alternative. 

On this basis, plus the fact that activated carbon treatment is a proven and 
accepted technology, ReTeC performed treatability testing to provide site specific 
information related to the technical and economic issues associated with the treatment of 
the pumped groundwaters via activated carbon treatment. Technical issues related to: (i) 
the extent to which chemicals-of-interest are removed by the treatment system, (ii) 
potential operational issues associated with extended treatment, and (iii) the need, if any, 
for additional controls (i.e., pH control, iron removal, filtration). Economic issues related 
to engineering design optimization of the treatment system in terms of associated capital 
and O&M costs. Such information included: (i) representative carbon exhaustion rates, 
(ii) quantifying required Empty Bed Contact Times,, (iii) determining the need for 
additional controls, and (iv) establishing proper hydraulic loading rates. 
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This engineering report has ibeen prepared in conjunction with a Treatability Study 
Report. Based upon the infonnation developed during treatability testings it was 
substantiated that a treatment system comprised of pretreatment (i.e, potassium 
permanganate chemical oxidation and sand filtration to remove associated iron and 
manganese) followed by activated carbon column treatment represents both a technically 
feasible and economically efficient solution for the St. Louis Park site groundwaters. 

The following report provides the detailed conceptual design which evaluates the 
information developed and establishes the following design conclusions: 

• The treatment system requires a 1200 foot connecting pipe to be 
installed between the locations of wells W23 and W420/W421. 

• A single treatment system will be located at the W420/W421 location. 

• The primary components of the treatment system include: 

- A chemical feed system to add potassium permanganate 
(KMnO^) to the pumped groundwater flow. 

- An in-line static mixer to achieve mixing of the potassium 
permanganate and the pumped groundwater, 

A DynaSand model DSF38 continuous backwashing type sand 
filter, and 

- Two (2) five-thousand pound (5,000 lb) activated carbon 
columns in-series. 

The purpose of the potassium permanganate addition is to chemically oxide reduced iron 

and manganese species present in the groundwater. This will result in precipitation of 
the iron and manganese as hydroxides with removal from the groundwaters achieved via 

sand filtration. The coal-tar related organics (e.g., phenolics and polynuclear aromatic 
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hydrocarbons) will be removed via activated carbon column treatment. Effluent from the 
treatment system^ is expected to meet or exceed all targeted National Pollution Discharge 
Elimination System (NPDES) criteria. This treated'effluent discharge will be routed from 
the site to Minnehaha Creek via a storm sewer. Sand filter backwash water will be 
discharged to the Minneapolis/St. Paul Metropolitan sanitary sewer system. The total 
design flowrate for this treatment system is 140 gpm. 

Application for an NPDES permit is being made to the State of Minnesota 
Pollution Control Agency with both this Engineering Evaluation Report and a related 
Treatability Study Report being supplied as background and supporting documentation. 

Plans are to begin discharging the treated groundwater into Miimehaha Creek in 
September, 1990. Thus, process design, procurement and construction must begin in the 
first quarter of 1990, once regulatory approval is granted by the State of Minnesota 
regarding the conceptual approach. 

This report incorporates comments received from the U.S. EPA and the MPCA to 
a draft report issued in November, 1989. 
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1.0 INTRODUCTION 

Reilly Industries, Inc. (Reilly) has contracted with Remediation Technologies, Inc. 
(ReTeC) to perform an Engineering Evaluation of Treatment Options for Source Control 
Well Discharges at a site located in St. Louis Park, Minnesota. 

Based upon results of laboratory treatability work and on-site pilot-scale work 
performed at the St. Louis Park site, it is concluded that a full-scale groundwater 
treatment system should include pretreatment via chemical oxidation/sand filtration 
followed by activated carbon column treatment. Furthermore, it is recommended that 
potassium permanganate (KMnO^) be used as the chemical oxidant. The purpose of the 
potassium permanganate/sand filtration pretreatment step is to reduce the iron and 
manganese levels to within anticipated National Pollution Discharge Elimination System 
(NPDES) limitations (i.e., <1.0 mgA) and to circumvent plugging of the activated carbon 
colunms needed for subsequent removal of organics (e.g., phenolics and polynuclear 
aromatic hydrocarbons). 

The following Engineering Evaluation Report is based upon treatability and the 
engineering design work performed to date. This report is issued in conjunction with 
ReTeC's associated Treatability Study Report [1] and an NPDES Permit Application [2]. 

Specific areas related to the engineering evaluation of the treatability work 
performed and design of a fiill-scale system are addressed in the following sections. 
Section 2.0 provides background information associated with the project and the site. 
Section 3.0 provides the engineering design parameters used as a basis for design of the 
full-scale system. Section 4.0 gives an overview of the process train associated with the 
full-scale treatment system, including utility and building requirements. Section 5.0 
addresses, anticipated effluent quality and other associated permitting issues, including 
recommendations for operational and permit monitoring. Analytical data, statistical 
summaries, the DynaSand Filter Pilot-Scale test report and specific equipment 
manufacturers' information are given in the respective Appendices. 
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This report incorporates comments received from the U.S. EPA and the MPCA on 
a draft report issued in November, 19891 
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2.0 BACKGROUND 

This section provides background information related to: 

• Site Conditions, 
• Preliminary Engineering Evaluation, 
• Treatability Testing, and 
• Schedule of Compliance Events. 

2.1 SITE CONDITIONS 

In accordance with various remedial action requirements for its former wood 
treating and coal tar refining plant site located in St. Lx)uis Park, Miimesota, Reilly 
installed a series of five different source and gradient control wells in 1987. Relevant 
characteristics of the wells, designated as W23, W105, W420; W421 and W422, are 
summarized in Table 2-1. 

Installation of the wells was specified under the terms of a Remedial Action Plan 
(RAP) embodied in a Consent Decree between Reilly, the City of St. Louis Park (City), 
the Minnesota Pollution Control Agency (MPCA) and the United States Environmental 
Protection Agency (U.S. EPA). These wells, operated by the City, currently discharge to 
sanitary sewers. As part of a separate anangement between Reilly and the City that is 
part of the Consent Decree, Reilly must, by September 1990^ provide treatment to permit 
discharge to storm sewers. These waters will ultimately discharge into Miimehaha Creek, 
and as such, will require an NPDES discharge permit. The RAP requires that the MPCA 
draft the necessary NPDES permit using the anticipated NPDES limits given in Table 2-
2. At this time, it appears that WIOS will not require treatment since its' discharge meets 
both the cessation criteria established by the RAP and the anticipated 
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TABLE 2-1 

SUMMARY OF SOURCE AND GRADIENT CONTROL 

WELL CHARACTERISTICS 

CHARACTERISTICS U23 U10S M20 [cl U421 [c] U422 

AQUIFER 
PUMPED [a] 

Pnalrle du 
Chain/ 
Jordan 

I ronton/ 
Gainesville 

Drift Platteville Drift 

RAP 
REQUIRED 
PUMPING 
IRATE (gpm) 

DESIGN PUMPING 
RATE (gpm) 

START UP DATE 

TOTAL PAH CONG. 
Cug/l) [bl 

PHENOLICS (4AAP) 
(ug/i) oa 

50 

60 

11/5/87 

190 

10 

NA 

1i1/5/87 

2.4 

< 10 

40 

50 

1/11/88 

3.800 

330 

25 

30 

1/11/88 

840 

< 50 

50 

NA 

1/11/88 

56 

10 

MOTES; 

lal - The Drift is the surficial aquifer and is connected hydraulicaUy to the underlying Platteville. The 
Ironton/Gainesville and Prairie du Chein/Jordan are deep, confined bedrock aquifers. 

(U -Averages bSased on available sairple results through October 1988. 

(c] • These uells are located next to each other and shara a ccemon discharge line to the sewer. 

< • Designates below limit of detection. 

NA - Not Applicable. 
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' TABLE 2-2 

ANTICIPATEU NPDES DISCHARGE REQUIREMENTS 

PARAMlLTliJC 
DAILY MAXIMUM 
CONCENTRATION 

30.DAY AVERAGE 
CONCENTRATION'®^ 

Total Potentially 
Carcinogenic PAHs (/ig/L/"' 

NA 0131 (0.07/®^ 

Total Other PAHs Otg/L/"' 34 17 

Phenanthrene Cug/L) 2 1 

PhenoUcs (4-AAP) OigL) NA 10 

NOTES: 

NA - Not Applicable 
M . See Table 2-3 for list of respective individual PAHs. 

- Yearly quarterly monitoring may be used in place of the S&Klay average. 
M . Per MPCA comments to draft Engineering Report on December 19,1989 letter. 
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NPDES limits given in' Table 2-2 [3]. Reilfy does not intend to pursue treatment of W422 
at the present time as this will be addressed by the City in conjunction with the City's 
operation and discharge of the adjacent St. Peter aquifer source control well W410. 
Therefore, the engineering evaluation iis limited to wells W23, W420 & W421. As 
illustrated in Figure 2-1, well W23 is located on Louisiana Avenue in a pump house along 
the edge of an open park. Wells W420 & W421 are located in a pump house located in 
a light industrial area, approximately 1200 feet south of well W23, at the intersection of 
Louisiana Avenue and West Lake Street. 

These three source wells have been pumping for approximately 2 years and their 
chemicals-of-interest concentrations have varied over this time period. Table 2-3 gives 
the targeted NPDES permit limits along with the average concentrations of the respective 
parameters for wells W23, W420, and W421. The specific PAH compounds listed are 
presently being monitored by the City in the three well discharges on a quarterly basis. 
This list of specific PAHs is referred to as the St. Louis Park - Polynuclear Aromatic 
Hydrocarbons (SLP-PAH) list; which is specified in the RAP. The values given in Table 
2-3 are computed from monitoring data from 1987 through June, 1989, as given in 
Appendix A. The average values indicate the mean values for all detectable quantities 
measured. The Lower 95% Confidence Interval Limit (L95%) and the Upper 95% 
Confidence Interval Limit (U95%) identify a range within which there exists a 95% 
probability that the true mean will fall assuming a normal distribution of the data. 
Specific discussions of this statistical methodology are provided elsewhere [4]. 

Figures 2-2 through 2-5 provide graphical presentations of the quarterly well 
monitoring data for selected chemicals-of-interest as a function of cumulative pumpage. 
These figures respectively depict detectable concentrations for Total Potentially 
Carcinogenic PAHs, Total Other PAHs, naphthalene and phenolics. These parameters, 
with the exception of naphthalene, were selected based on their application to NPDES 
permitting issues. Naphthalene was graphically presented because it generally represents 
the largest percentage of the total PAH concentrations measured in the well discharges, 
and also because it is the parameter which will be one of the more important chemicals 
in determining carbon exhaustion for the full-scale treatment system, with phenolics being 
another possibility. 
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TABLE 2-3 

CHBMICALS-OF-INTEREST WITH RESPECTIVE VALUES FOR 

W23, W420 AND W421 
PARABIEiat TAIUSr NPDBS DtSCHMKS 

OONCEKISATIONS 
ntADUB DU CHBIN/IOIUMN 

wnscwDucHAxa 
DRlFr 

W4»SCWDISCIIAItaB 
PLATIEVILLE 

W42ISCWDISCHAMZ 

« AVO. U3S U93S f AVD. U3S U93« AVO. L93S U93S 
(P.C.)PAH(u^ 

QdooUoe 0 ND ND ND 0 ND ND ND |0 ND ND ND 
1 1 0.233 NA* NA*I 0 ND ND ND 0 ND ND ND 

Ckqmne , 1 0.213 NA* NA*I 0 ND ND ND 0 ND ND ND 
, 1 0.024 NA* NA*; 0 ND ND ND 0 ND ND ND 

1 0.021 NA* NA*' 0 ND ND ND 0 ND ND ND 
bdeDe(t.2.3-«i)nnene 0 ND ND ND' 0 ND ND ND 0 ND ND ND 

' 0 ND ND NDI 0 ND ND ND 0 ND ND ND 
BcaodtDpevbBe 0 ND ND ND| 0 ND ND ND 0 ND ND ND 

Teld Odeeuble P.C. PAH NA 0Jl (0.(n)Pi| 1 0370 NA* NA*' 0 ND ND ND 0 ND ND ND 

(miERPAH(ii|/U 
],3.Beaetana 4 6J 0.0 13161 7 4I.S 19J 63:1 4 2.6 OJ 4.1 

; » 22J 10.9 34.2t , 1 127J 19.4 i63:i 1 121.0 100.0 136.0 
Iskoe 0 ISJ OLI 36.31 t 203.6 tiu 294.0 1 16.0 64.0 101.0 
HepUdcBD 10 M.1 23.2 109.0 9 1661.1 103416 23n.9 9 300.4 410.2 390.7 
Baae(bWdephie • 11.7 3.1 30J< '7 I1L3 67.1 136J 7 63.6 30.1 77.1 
ludele 0 ND ND ND' 0 ND ND ND 0 ND ND ND 

9 14.6 0.0 29.6 7 17.4 37.6 137J 3 1.9 0.0 3.9 
9 20.4 3.9> 33.0 7 14.9 30.9 IIU 7 27J 19.6 33.0 

Blpheegrl 9 6J 2.4 9.9 6 11.6 11.7 2313 3 3J IJ 3.4 
10 3.1 2.2 7.9 1 61.7 NA* NA* 1 44.2 NA* NA* 
10 20.7 13.1 2SJ 1 73ll 31.6 93.9 7 11.1 12.7 23.4 

Oilnnfena 9 lOJ 4J 16.6 7 27.0 11.4 33.6 3 2.9 0.3 3J 
nueiaa 10 14.4 9.6 19.1 6 21.7 i4:o 29.4 3 3.7 2.2 3.2 

6 1.4 1.1 1.7 2 1.1 0.0 3.4 1 100.0 NA* NA* 
to 16.1 10.3 2310' '6 9.1 4.1 14J 3 IJ 1.1 1.6 
10 2J 1.3 2.9 0 ND' ND ND 0 ND ND ND 

Aeadlae 0 ND ND ND 0 ND ND ND 2 1.1 0.6 IJ 
Outnela 1 2.9 1.6 4J 7 47.4 n.3 37.4 7 16.9 12.1 21.6 
PlueieBhiac 10 3.4 4.1 6.7 ,0 ND ND ND 0 ND ND ND 
Pyiees 10 4.4 3.3' 3l3 0 ND ND ND 0 ND ND ND 

0 ND ND ND 0 ND ND ND 0 ND ND ND 
Ptuylw 0 ND ND ND 0 ND ND ND 0 ND ND ND 

Teal DeiaaiblaOlliei PAH 34.0 IT.O 10 234.6 10319 363.3 9 2371J 1410.6 3276.1 9 111.1 661.3 960.1 

OTHER'PARABIBIEU (aini 

OUACfaee 1 3 NA* NA* 1 10 NA* NA* 1 7 NA* NA* 
Pteoliee(4-AAP) NA 0.010 1 0.010 NA* NA* 6 0.230 aoi9 0J7D 7 0.037 0.024 0.049 
TS3 1 2 NA* NA* 1 9 NA* NA* 1 1 NA* NA* 

NOIESi If mill I1|i|iiiiiilli fl 
NA* - Nol'Applkatladoar 

f - Nnkarafd 

NA - NalAppHntb. 
ND - Nell 
M - Yeulri 

Iboilrea. 

innybaoiidtaphBeerila 

AVD - Aeengeefiepofied educe. 
LMS- LumrtSSCeufUneldanelUBli. 
(»»- Vppa95% Ciiiilliliieii leii 

30 - deyeemiee. 
Ib| - HttlFCAemmodallE 

rt9. imi 
dill. 
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FIGURE 2-1 

WELL LOCATIONS 

W23, W420 AND W421 
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FIGURE 2-2 

TOTAL POTENTIALLY CARCINOGENIC PAHs 
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FIGURE 2-3 

TOTAL OTHER PAHs 
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FIGURE 2-4 

NAPHTHALENE 
-VS-

CUMULATIVE PUMPAGE 
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FIGURE 2-5 

PHENOLICS 
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Referring to Figure 2-2, potentially carcinogenic PAHs were not detected in the 
well discharges at method detection limits (i.e., reporting limits) ranging between 10 to 200 
/ig/L;. thus, it is not quantifiably known if the anticipated 30-day average target NPDES 
requirement of 0.31 /ng/L is exceeded or not. To measure such low concentrations, a 
method detection limit of 0.01 /tg/L must be achieved. This is analytically difficult to 
achieve for the site groundwaters in question given the fact that the groundwaters are 
relatively contaminated in terms of other PAH parameters. As cited in Figure 2-2, based 
on quantifiable data, the targeted NPDES requirements of 0.07 or 0.31 /ig/L were 
exceeded on only one occasion with Total Potentially Carcinogenic PAHs measured only 
once at approximately 0.57 /xg/L. As cited in Table A-2 of Appendix A, this sampling 
event corresponded to PAH analysis by HPLC which was able to detect PAHs at lower 
quantifiable limits than the GC/MS Selective Ion Method (SIM) routinely used by Rocky 
Mountain Analytical Laboratories (Arvada, Colorado) as part of the routine monitoring 
specified by the RAP. The HPLC analysis was performed by Keystone Environmental 
Resources, Inc. (KER) Laboratory (Monroeville, Pennsylvania) as part of ReTeC's 
treatability studies. The fact that potentially carcinogenic PAHs were not routinely 
detected using the GC/MS-SIM method is not an important issue since activated carbon 
treatment will remove these PAHs to levels below 0.01 /xg/L detection. As cited later in 
this report, carbon exhaustion will be determined by Other PAHs (i.e., naphthalene) and 
phenolics (4-AAP). 

In terms of the other parameters. Figures 2-3 through 2-5 illustrate that all three 
well discharges require treatment. In terms of Total Other PAH and naphthalene, Figures 
2-3 and 2-4 indicate steadily declining concentrations in well W23. It is not certain as to 
when the discharge quality will drop below 10 /xg/L, at which point W23 could be shut 
down after pumping for at least five years. Contrary to this. Total Other PAH and 
phenolic concentrations in wells W420 and W421 have remained steady or increased over 
time, with no indication that they may decline in the near term. As cited in Table A-2 
of Appendix A, phenolics were monitored twice in W23 with a detectable quantity 
measured' only once, thus no line plot appears in Figure 2-5 with respect to W23. 
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These data indicate that the full-scale treatment system design should be capable 
of treating vaiying influent organic concentrations from all three wells and be considered 

as a permanent (a decade or more) installation. 

2.2 PREUMINARY ENGINEERING EVALUATION 

Given the preceding design constraints and historic groundwater quality data, 
ReTeC performed an engineering screening evaluation with biological fluidized bed, 
ozone/UV, hydrogen peroxideAJV, and activated carbon treatment considered as potential 
options based on technical feasibility. This evaluation focused on: (i) combined treatment 
of W420/W421 with single treatment of W23, and' (ii) combined treatment of all three 
wells at the location of W420/W421. In terms of economic considerations (i.e., capital and 
O&M costs), activated carbon treatment of all three wells combined was selected as the 
preferred treatment scheme. This report presents the engineering evaluation of a 
treatment system for the three well discharges combined at the location of wells 
W420/W421 (shown in Figure 2-1) with a connecting pipe from W23. 

23 TREATABILITY TESTING 

Treatability testing was performed to further evaluate activated carbon column 

treatment of site groundwaters and provide information to evaluate technical and 

economic issues. Technical issues relate to: (i) the need for iron and manganese removal 
via a pretreatment process, (ii) the extent to which site chemicals-of-interest are removed 
by the treatment system, (iii) potential operational issues associated with extended 
treatment, and (iv) additional control processes (e.g., pH control and backwash tanks). 
Economic issues relate to engineering design optimization of the treatment system in 

terms of associated capital and O&M costs. Such information includes: (i) representative 
carbon exhaustion rates, (ii) quantifying required Empty Bed Contact Times (EBCT)i (iii) 

quantifying dosages of treatment chemicals if required,, and (iv) establishing proper 
hydraulic loading rates. 
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To answer these questions, laboratory and on-site pilot-scale testing was performed. 
The laboratory work was performed from December, 1988 through February,. 1989 and 
focused on further groundwater characterization and pretreatment testing for iron and 
manganese reduction. 

Based on the laboratory testing results, an on-site pilot-scale treatment ^tem was 
designed, constructed, set up and operated from March 28, 1989 through October 17, 
1989. The system consisted of the following sequential components: 

• Chemical oxidation with potassium permanganate (KMnO^), 
• Anthracite/sand filtration via a downflow packed bed colunm, and 
• Activated carbon colurtm treatment via three in-series downflow packed 

bed columns. 

For practicality and convenience, the on-site pilot-scale work was limited to wells 
W420 and W421. The pilot unit was located in the pump house at that locale and tested 
a flow proportioned influent from wells W420 and W421. To incorporate W23 
groundwater into the on-site pilot-scale testing would have required water to be 
transported manually to the location of the pilot unit on a daily or weekly basis. The fact 
that W23 groundwater was not used is not considered a critical factor since wells W420 
and W421 contain basically the same chemicals-of-interest at higher concentrations than 
W23 (see Figures 2-2 through 2-5). 

This contention is also valid in light of the fact that well W23 groundwater analyses 
(See Table 2-3) did show detectable concentrations (by HPLC) of some individual 
Potentially Carcinogenic PAHs in the fraction of the part per billion (ppb) ICvel while 
sample analyses from wells W420 and W421 did not show any detectable concentrations. 
Regardless of this fact,, it is felt that this very low level of Potentially Carcinogenic PAHs 
will be sufficiently removed by activated carbon treatment when W23 groundwater is 
treated jointly with groundwaters from wells W420 and W421. Even though groundwater 
from well W23 was not used in the pilot-scale treatability work, it should be noted that 
the Potentially Carcinogenic PAHs, which are relatively insoluble compared to the Other 
PAH compounds, are adsorbed onto carbon to a much greater degree than the Other 
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PAH compounds measured in wells W420 and W421. This fact is supported by the fact 
that the existing activated carbon treatment system treating similar site groundwaters from 
wells WIO and WIS are meeting drinking water criteria with published isotherm data and 
theory [5]L Such references cite that of the St. Louis Park PAH list, carbon usage will 
be determined based upon naphthalene adsorption. Naphthalene is the PAH compound 
present in< the highest concentration in all three wells and is also the PAH compound 
which is expected to first be detected in the carbon column effiuent with all of the other 
PAHs not being detectable. The Potentially Carcinogenic PAHs will be the very last to 
be detected in the effiuent if allowed; However, this iis not expected to occur based upon 
the fact that a particular carbon column will be replaced once it is exhausted for either 
naphthalene or phenolics, which ever occurs first. Exhaustion is defined as that point 
during treatment where the effluent concentration equals the influent concentration for a 
particular parameter. Additionally, once W23 groundwater is added to flows from W420 
and W421, the Total Potentially Carcinogenic PAH concentration in the combined flow 
will be near 0.024 /iig/L as cited in the treatability report (Table 4-7) [1]. This is below 
the anticipated permit requirement range of 0.07 to 0.31 /tg/L average. Thus, the fact that 
W23 groundwater was not used in the pilot work should not be an issue. 

The results of the treatability work performed serve as the engineering design basis 
for the full-scale treatment system presented in the subsequent sections of this report. 
Specifics of the treatability work performed are documented in an associated treatability 
report [1]. 

2.4 SCHEDULE OF COMPLIANCE EVENTS 

In order to comply with the provisions of the Reilly/City agreements, a full-scale 
groundwater treatment system must be operating with an NPDES discharge to Minnehaha 
Creek by September, 1990. To this end, Reilly contracted ReTeC in November, 1988, to 
provide assistance in evaluating and designing an appropriate treatment tystem which 
would meet the requirements of the RAP. Table 2-4 lists the main events associated with 
meeting this goal. These events are listed in chronological order and are separated into 
"completed" and "to be completed" categories. 
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TABLE 2-4 

SCHEDULE OF COMPLIANCE EVENTS 

Ta«k0 Complrted: 

Reflly Industries awarded contract to RaTeC - 11/88. 

Laboratory work began - 11/88. 

Conceptual design for pilot system completed - 2/89. 

Pilot-Scale Treatability Testing conducted - 3/89 through 10/89. 

Engineering evaluation completed (draft report) - 11/89. 

Permit Application completed and submitted to Reilly for review - 11/89. 

ReTeC field trial work of DynaSand Filter - 10/89. 

Permit Application to be submitted to HPCA - 11/89. 

Final Engineering Evaluation Report - 3/90 

Tasks to be Compieted: 

Agency's tentative approval of NPOES Permit Application by 3/90. 

Detailed process design/bid package to be conpleted by 2nd Quarter of 1990. 

Construction! during 3rd Quarter of 1990. 

System on line end operating in 4th Quarter of 1990. 
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As cited, laboratoiy treatability work was begun immediately, followed by on-site 
pilot-scale testing which began in March, 1989. With, the issuance of the draft of this 
report, in November, 1989,. the engineering evaluation of a full-scale groundwater 
treatment system was completed. Application for an NPDES permit was made to the 
MPCA in November, 1989. Construction of a full-scale system is anticipated to begin in 
the third quarter of 1990 with the system coming on-line in the fourth quarter of 1990. 
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3.0 ENGINEERING DESIGN BASIS 

This section presents the design parameters of the full-scale treatment system in 
terms of flow rates, chemicals-of-interest concentrations, the chemical oxidation/sand 
filtration pretreatment process, and the activated carbon column treatment process. The 
design parameters cited are based upon the results of the treatability work described in 
the associated treatabili^ report [1] and results of the quarterly well discharge monitoring 
performed by the City of St. Louiis Park. 

3.1 FLOWRATES 

The design flowrate for all three wells (W23/W420/W421) combined is given at 140 
gpm. Respective individual design fiowrates are given in Table 3-1 and cite W23 at 60 
gpm, W420 at 50 gpm, and W421 at 30 gpm. These design fiowrates are higher than the 
respective values specified in the RAP and very close to, if not greater than, the Upper 
95% Confidence Interval Limits (U95%) of the monthly averages computed for the time 
periods that the three individual wells were pumping. These same conditions also apply 
to the total design flowrate of 140 gpm. Thus, it is statistically supported that the total 
design flowrate given represents a conservative value for design purposes, as well as being 
substantially higher than the total flowrate given in the RAP. 

Figure 3-1 plots the monthly averages of the fiowrates for the three individual wells 
and all three combined for the period November, 1987 through September, 1989. 
Pumping of W23 started in November, 1987, and W420/W421 in January, 1988. As cited, 
the monthly fiowrates for all three individual wells remained relatively constant except for 
W23 which increased above its design flowrate of 60 gpm to near 70 gpm during July 
through September, 1988. This resulted in the total flow for all three wells slightly 
exceeding the design rate of 140 gpm during the same period. GeneraUy speaking, the 
fiowrates from the three wells remained somewhat constant during the pumping period 
with the total combined flow averaging 127 gpm. 
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TABLE 3-1 

DESIGN FLOWRATES 

FLOU RATES (GPH) 

CONDITION W23 W420 W421 TOTAL 

RAP SPECIFIED SO 40 Cal 25 115 
MONTHLY AV6 [bl 58 40 31 127 
U9SX [b] 60 43 34 137 

DESIGN 60 50 30 140 

NOTES! 

Ca] - Per ERT August, 1988 report entitled, ••Evaluation Report for Drift Aquifer Source Control Well 
Puiping Rate" and U.N. Gregg (ENSR) letter of May 22, 1989 to J.N. Griiw (SLP), D. Wilson (EPA) and 
N.K. Vermervity (NCPA). 

Cb] - Mean and Upper 9SX Confidence Interval Limit taken from the Statistical Evaluation of Average 
Monthly Flow Rates (see Table A-1 in>Appendix A). 
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FIGURE 3-1 

GRAPHICAL PRESENTATION OF WELL DISCHARGES FLOWRATES 
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3.2 CHEMICALS-OF-INTEREST CONCENTRATIONS 

Table 3-2 gives the chemicals-of-inteFest concentrations used in the engineering 
design of the full-scale treatment system. As cited, the respective data given for the 
combined flow of W23AV420/W421 are calculated based upon flow-proportioned measured 
concentrations for W23 and W420/W421. Measured W23 data are taken from both 
quarterly monitoring results and initial characterization results of the treatability study. 
Measured W420/W421 data are taken from the on-site phot-scale treatability work 
performed. These two well discharges were combined on a flow-proportioned basis for 
the pilot testing with several data points collected. The values of the upper 95 percent 
confidence interval limits of the respective averages were used for the design as a 
conservative approach. 

Of the specific parameters cited, naphthalene and phenolics are to be used to 
estimate carbon exhaustion rates for the full-scale system. Treatability results showed that 
these two parameters will potentially breakthrou^ first to the extent that respective 
targeted NPDES permit limits will be exceeded. This observation is also consistent with 
published isotherm data [5]. 

The calculated iron (Fe) and manganese (Mn) values are to be used to estimate 
KMnO^ requirements in the chemical oxidation/sand filtration pretreatment step of the 
full-scale system. As cited in Table 3-2, the naphthalene and phenolics statistical values 
for W420/W421 are from samples taken of the influent to the pilot-scale sand filtration 
column while the iron and manganese statistical values are from the combined influent 
flow to the pilot-scale unit prior to KMnO^ addition. 

33 CHEMICAL OXIDATION/SAND FILTRATION PRETREATMENT 

Design parameters for the pretreatment step are cited m Table 3-3 for both the 
on-site pilot-scale work and the full-scale implementation. Respective treatability study 
results used are given in Appendix B as taken from the treatability study report [1]. 
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TABLE 3-2 

SUMMARY OF ENGINEERING DESIGN CHEMICALS-OF-INTEREST 

CONCENTRATIONS 

PARANETER U23 ta] 

MEASURED 

U420/U421 [b] 

CALCULATED 

U23/U420/U421 Cc] 

FLOU RATE 
(X Total Deslsn Ftou) 

POTENTIALLY 
CARCINOGENIC PAH 
CONCENTRATION (ug/l) 

TOTAL OTHER PAH* 
CONCENTRATION (ug/.l) 

NAPHTHALENE 
CONCENTRATION (ug/l) 

PHENOLICS (4-AAP) 
CONCENTRATION (mg/l) 

IRON 
CONCENTRATION (mg/l) 

MANGANESE 
CONCENTRATION (mg/l) 

43 

0.570 

365.3 

109.0 

0.D10 

1.310 

0.082 

57 

0.033 (dl 

849.0 [dl 

743.0 

0.030 

2.328 

0.388 

100 

0.263 

641.7 

471.3 

0.021 

1.892 

0.257 

NOTES: 

(a) -

[b] -

le) -

Cd] -

U23 meaauned concentrations given represent Upper 95X Confidence Interval Limit of respective velues 
teken' from Table A-2 In Appendix A for ell parameters except Iron and Manganese; data (U^r 95X 
Confidence Interval iLlmIt) for these two parameters were taken from Table iB-1 In App^lx B, 
Treatability Study Results. 

U420/U421 measured concentrations given represent Upper 95X Confidence Interval Limit of respective 
values taken fnoffl> Table B-4 In Appendix B, for all parameters except Iron and Manganese; data (Upper 
95X Confidence Interval Limit) for thesa two parameters were taken from Table B-3 In Appendix B, 
Treatabllty Study Results. 

Calculated^ values given represent respective flow proportioned concentrations using given values. 

Only detectable SLP list PAHs by HPLC Included. 
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TABLE 3-3 

ENGINEERING DESIGN BASIS FOR CHEMECAL O^iQDATION/ 

SAND FILTRATION 
PJUUMETSR PILOT-SCALE 

(Haiiurad) 
FULL-SCALE 

(Calculated) 

DESIGN FLOU RATE (Bpo) 0.1 140 

YEARLY FLOU 

{Nllilana of Gallona) NA 73.6 

INFLUENT IRON CONCENTRATION (ag/L) 1.980 M 1.892 (bl 

INFLUENT MANGANESE CONCENTRATION (mg/I) 0.37Q [al 0.2S7 (bl 

CHEMICAL QXIBATTON 

XHnO^ DOSAGE 
(Ratio KHnO^iParamatar) 

IRON (e) 1.16:1 1:1 

MANGANESE (C) 2.16:1 2:1 

OM4 DOSAGE (mg/I) " 

TOTAL 3.1 2.2 

KHnO^ USAGE 

(Iba/IOOO galIan) 0.03 0.02 

(lbs/day)' NA 4.03 

(Iba/year) NA 1.473 

SAND FILTRATION (Oynasand Filter) 

MEDIA nPE Anthracite - 0.9 na E.S. 
1.70 U.C. 

Sand - 0.48 m E.S. 
1.46 U.C. 

Sand - 0.9 nm E.S. 
< 1.5 U.C. 

BED DEPTH (Inctiaa) Anthracite - IB 

Sand - IB 

1 1
 8
 

OPERATION OounfloH Upflaw 

SUPERFICIAL FLOU RATE (RpaUft') 1.13 3 - 5 

BACXUASH 

nPE Intamlttant Cantlnuoua 

RATE (X of Applied FIou) 21.0 5 - 7 

CROSS-SECTIONAL AREA (ft*) 0.09 38.5 

DIAMETER (ft) 0.33 7 

IWTE'--

III • Valun gtvcn 
ApptndlM B. 

obtained froa the TriatibUlty Study Reoulta eitod In Tibia B-3 In 

lU • Valuia Blvan ropraaant raapaetlva daalgn valuta glvan In Tabla 3-Z. 

(cl • Takan fraa Tabla B-S In Appendix B. 
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With regard to the influent iron and manganese concentrations, it is shown that the 
average values given for the pilot testing are relatively similar to the estimated full-scale 
treatment system values. Thus, this fact supports that the pilbt-scale treatability results 
are valid in terms of their being used in the full-scale design. 

With regard to chemical oxidation requirements, a KMnO^ chemical oxidation 
dosage corresponds to a requirement of approximately 0.02 lb./1000 gallons or 4 pounds 
per day. For sand filtration, specifications of the full-scale system are cited for a Parkson 

Corporation DynaSand filter. The main differences between the pilot-scale sand filter 
used and the DynaSand are: (i) the pilot unit used a mixed media of sand and anthracite 
whereas the DynaSand uses only one media type, and (ii) the DynaSand operates in the 
upflow mode with continuous backwashing while the pilot unit operated in the gravity 
downflow mode with daily intermittent backwashing required. Regardless of these 
differences, it is felt that the DynaSand filter should obtain comparable results in terms 
of Fe and Mn removal for the reason that the effective size (E.S.) of the media are 
comparable as well as the superficial fiowrate with the DynaSand being a bit higher. 
Lastly, the amount of continuous backwash water from the DynaSand filter represents a 
much smaller percentage of the applied fiowrate than a conventional downflow type filter 
with intermittent backwash. 

To demonstrate the effectiveness of the DynaSand filter for Fe and Mn removal, 
a pilot study was conducted at the St. Louis Park site during the time period October 26 
through November 6, 1989. Further discussions of the DynaSand filter and the pilot 

testing performed are given in Section 4.0 with a detailed pilot-scale testing report given 
as Appendix C. 

3.4 ACTIVATED CARBON COLUMN TREATMENT 

Design parameters for the activated carbon columni treatment process are given in 

Table 3-4-for both the on-site pilOt-scale work performed and the full-scale system design. 
Respective treatability results used are given in Appendix B as taken from the treatability 
study report [1]. 
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TABLE 3-4 

ENGINEERING DESIGN BASIS FOR ACTIVATED CARBON 

COLUMN TREATMENT 
PARAMETER PILOT-SCALE 

(Husursd) 
FULL-SCALE 

(Calculated) 

DESIGN FLCU RATE 

(Spn) 

(ft'/oln) 

TEARLT FLCU 

(Millions of Gallcna) 

INFLUENT PHENOL'ICS CONCENTRATION (mg/L) 

INFLUENT. NAPHTHALENE CONCENTRATION (ug/l) 

0.1 

0.013 

NA 

0.022 [a] 

541 [a] 

UNIT coNpniqi^ 

MEDIA TYPE 

MESH SIZE 

OPERATION 

DENSITY OF CARBON (Ibs./ft') 

SIZE SYSTEM (lbs.) 

TOTAL RED DEPTH (ft) 

DIAMETER (ft) 

CROSS-SECTIONAL AREA (ft') 

SUPERFICIAL FLOW RATE (BPS/ft') 

iBACKUASH 

EMPTY BED CONTACT TIME (ninutea) 

CARBON EXHAUSTION (First Colum) 

NPOES SAMPLING (Isst ColURl) 

Aetlvatad Carbon 

12 'X 40 

Dounflou 

27.5 

9.4 

10.0 

0.21 

0.034 

2.9 

Intamlttent 

7.5 (dl 

25.0 to] 

BftSlS rOR USME 

PHENOLICS REMOVED (Ibs/yr) 

PHENOLICS LOADINQ Dl] 

(lbs/lb Carbon) 

(lbs Carbon/1000 Bsllons) 

PHENOLICS CARBON USAGE RATE (Ibs/yr) 

NAPHTHALENE REMOVED (Ibs/yr) 

NAPHTHALENE LOADING Dl] 

(lbs/lb Carbon) 

(lbs Carbon/1000 Bsltons) 

NAPHTHALENE CARBON' USAGE RATE (Ibs/yr) 

NA 

0.0018 - 0.0014 

0.103 - 0.133 

NA 

NA 

0.047 

0.096 

NA 

140 

18.72 

73.6 

0.021 [b] 

471.3 Cb] 

Activated Carbon 

12 X 40 

Dounflou 

27.5 

10,000. tc] 

10.0 (5 ft. per colum) 

6 

28.3 

4.95 

Intermittent 

7.6 tfl 

15.2 (Gl 

12.9 

0.0018 - 0.0014 

0.097 - 0.125 

7,166 - 9,213 

289 

0.047 

0.084 

6,182 
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TABLE 3-4 

ENGINEERING DESIGN BASIS FOR ACTIVATED CARBON 

COLUMN TREATMENT 
(Continued) 

MOTES; 

[a] - Valuaa given are averagas ebtainad frea the Treatability Study Results cited In Table B-3 In 
Appendix' B. 

Cb] - Values given, represent respective design values given In. Table 3-2. 

Cc] - Represents tuo (2) 5,000 pound tailts In series. 

Id] - Represents velue for Colutn 1' ee shoiai In iFlgure B-1 In Appendix B. 

[e] - Represents value for Colums 1 through 3 as shown In Figure B-1 In Appendix B. 

If] - 'Represents value for Column 1 es shown In Figure 4-1. 

Cgl - Represents velue for Coluans 1 and 2 as shown In Figure 4-1. 

Oi] - Taken frcn Table B-S In Appendix B. 

Engineeiing Evaluation Rqioit for Page - 27 
Treatment of Pumped Groundwaten 
at SL Louis Park, Minnesota 



As with Fe and Mn influent concentrations, the data show that the average influent 
concentrations given for naphthalene and phenolics for the pilot testing are very similar 
to the estimated full-scale treatment system design values. Based on treatability study 
results [1], naphthalene and phenolics are expected to break through first and at basically 
the same rate, in terms of exceeding respective targeted NPDES permit requirements. On 
this basis, the carbon exhaustion rates measured for naphthalene and phenolics during the 
pilot-scale testing are directly applicable to the full-scale system design. As given in 
Table 3-4, these values are 0:0014-0.0018 lb. phenolics/Ib. carbon and 0.047 lb. 
naphthalene/lb. carbon: Using published isotherm data [5], and the respective pilot-scale 
influent concentrations given in Table 3-4, the carbon exhaustion rate for phenolics is 
given at 0.0026 lb; phenolics adsorbed per lb. carbon and 0.102 lb. naphthalene adsorbed 
per lb. carbon for naphthalene. These empirically computed adsorption rates are just 
slightly higher than those determined from the pilot-scale testing for the reason that the 
isotherm data used are based on single solute adsorption with the lower respective pilot-
scale results due to competition from other solutes present in the groundwater for 
available adsorption sites. 

Relating the pilot-scale numbers to the respective design influent concentration 
values gives 0:097-0.125 lb. carbon/1000 gallons treated for phenolics and 0.084 lb. 
carbon/1000 gallons treated for naphthalene. In terms of strict quantifiable numbers, it 
is expected that carbon usage will be determined by the lower range for phenolics. 
However, the respective carbon usage estimate based on naphthalene is too close for* a 
definite determination to be made. Due to the variability associated with the influent 
concentrations of phenolics and naphthalene (based on treatability and quarterly 
monitoring results), it can only be estimated that the yearly carbon usage will be 
somewhere between approximately 6,200 pounds to 9,200 pounds at the specified total 
design flowrate of 140 gpm. 

With regard to unit sizing, three factors need to be considered in determining the 
appropriate size for the carbon system. These include: (i) an economical carbon 
exhaustion rate, (ii) maintaining a minimum Empty Bed Contact Time (EBCT) of 15 
minutes, and (iii) having a superficial flowrate between 3 to 5 gpm/ft^. The EBCT is 
especially critical because it determines the amount of carbon based on flow alone; thus. 
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it determines the number of in-series columns required! Based on these constraints, it is 
shown in Table 3-4 that a 10^000 pound (two-S,000 pound units in series) carbon system 
is adequate at a carbon usage rate of 6,200 to 9,200 pounds per year. With two carbon 
units in series, carbon utilization efficient^ will approach 100%. This is because only the 
carbon in the lead absorber is replaced and the order of flow between the two columns 
is switched after each carbon change. The expected operating pattern would be to change 
the carbon in the lead 5,000 pound carbon unit and switch the flow order on the average 
of once every 10 months based on a carbon usage rate of 6,200 pounds per year, or once 
every 6.5 months based on a carbon usage rate of 9,200 pounds per year. With this 
frequent^, adequate timing will be provided' to arrange for delivery of fresh carbon, and 
thus assuring final effluent quality will never exceed the NPDES target limitations. 

In practice, a minimum EBCT of no less than 15 minutes is designed into an 
activated carbon adsorption system. EBCT is determined by calculating the time required 
to pump an amount of water through an equivalent volume of the carbon. The on-site 
pilot study demonstrated that a 7.5 minute EBCT for column 1 was capable of adsorbing 
the chemicals-of-interest at an economically feasible rate. Thus, a design EBCT of 15 
minutes yields a conservative design basis. For the full-scale carbon unit specified, the 
first in series 5,000 pound column will have design EBCT of approximately 7.5 minutes 
and a total system EBCT of approximately 15 minutes. With both the first in-series pilot-
scale column and the first in-series full-scale system having EBCTs near 7.5 minutes 
supports that the pilot-scale results are directly applicable toward full-scale design. Thus, 
no difference in adsorption characteristics should result even though the pilot-scale carbon 
unit was loaded at a hydraulic rate of 2.9 gpm/ft^ and the full-scale unit will be loaded at 
approximately 5 gpm/ft^. The EBCTs for both columns are the same because the depth 
of carbon in the pUot column was 3 feet and the full-scale unit is designed at 5 feet with 
the percent increase in bed depth corresponding to the same increase in hydraulic loading 
for the full-scale system. 

With regard to superficial flowrate, a range of 3-5 gpm/ft^ is the proper design for 
a downflow packed bed activated carbon adsorption system with not much difference in 
adsorption characteristics measured between the two rates [6]'. Superficial flowrate is 
determined by dividing the total flowrate (gpm) by the cross-sectional area of the 
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contactor (ft^. A range for the contactor diameter can he caltulated determining the 
cross-sectional: area required over the superficial flow range. The calculated diameter 
range is 6-8 ft. diameter. On this basis, 6 ft. diameter colunms are chosen for design. 
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4.0 TREATMENT SYSTEM DESCRIPTION 

This section describes the treatment system process train, identifies the major 
equijpment items with associated O&M requirements, and provides a proposed schematic 
layout for the building which is to house the treatment system. 

It should be noted that this section is not intended as a detailed process design but 
only presents a general conceptual approach. Once the treatment system proposed is 
approved in concept, then detailed design work will proceed. 

4.1 GENERAL DESCRIPnON 

A conceptual schematic diagram of the proposed treatment ^tem is given in 
Figure 4-1. Figure 4-1 is not intended to serve as-a detailed process flow diagram. As 
shown, pumped groundwaters from wells W23, W420 and W421 will be combined by 
means of a 1200 foot underground connecting pipe as previously shown in Figure 2-1. 
This connecting pipe will be buried and run from the W23 location to the W420/W421 
location and will require passing underneath a four lane highway. Initial engineering 
evaluation indicates that this line will be 3-4 inches in diameter with an adequate pumping 
head already available from the existing groundwater pump at W23. The treatment 
system will be located in the vicinity of the existing W420/W421 pump house. The system 
will be operated continuously as this is needed for hydraulic gradient control. 

The combined influent from W23, W420 and W421 will pass through an in-line 
static mixer (SM-1) where potassium permanganate (KNfriO^) will be added via a chemical 
feed system (CFS-1) at a ratio of 1:1 for iron (Fe) and 2:1 for manganese (Mn). This 
chemical oxidation step will cause the soluble metals (i.e., Fe and Mn) of interest to 
precipitate, forming insoluble suspended particulate matter. These waters will then pass 
on to a continuous backwashing type sand filter where the particulates will be removed 
via upflow packed 

Engineering Evaluation Report for Page - 31 
Treatment of Pumped' Groundwaters 
at St Louis Park, Minnesota 



FIGURE 4-1 
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bed filtration. At this time, it is proposed that the Parkson Corporation, Inc. DynaSand 
U filter (Modtel DSF38) be used. 

The DynaSand filter has several operating advantages for this application over a 
conventional downfiow type filter with intermittent backwash. These include: 

(1) Continuous Operation - no need to intermittently stop 
operations for backwashing cycles. 

(2) Simplicity - no moving parts which would require operator 
attention. 

(3) Elimination of Auxiliary Equipment - no need for pumps, 
tanks, valves and instrumentation associated with backwashing. 

(4) Minimal Space Requirement - smaller foot print than that 
associated with conventional downfiow packed bed sand filters. 

O 
(5) Low Power Consumption - gravity feed or low pressure feed 

pump and small air compressor are all that is required for 
operation. 

(6) Minimal Reject - a relatively small reject stream, 5-1% of total 
feed stream, is continuously bled from the filter. This permits 
easier handling and discharge to sanitary sewers than 
conventional downfiow filters, which require intermittent 
backwashing rate 3-4 times that of the total process rate, thus, 
necessitating the need for a backwash bleed tank to minimize 
hydraulic surges to sanitary sewers. 

During October 26, 1989, through november 6, 1989, a 40 gpm pilot test of a 
DynaSand filter was performed at the St. Louis Park site treating a flow proportioned 
volume of wells W20 and W421. Results of this testing support the efficiency of using a 

O 
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DynaSand filter to remove precipitated iron and manganese firom the groundwater prior 
to carbon adsorption. A detailed report of this on-site pilot-scale filtration testing is given 
as Appendix C. 

For the full-scale treatment system, effluent firom the DynaSand filter will continue 
on to a booster pump (P-l) which will feed a downflow packed bed activated carbon 
treatment system (AC-1/2). The activated carbon will remove organic chemicals-of-
interest (i.e., phenolics and PAHs) to levels below targeted NPDES discharge 
requirements. Such an activated carbon system is a standard package design supplied by 
various manufacturers. The specific system identified for the St. Louis Park site will 
consist of two-S;000 lb. carbon units in-series. This system is capable of treating the entire 
flow stream of 140 gpm, and should possess the ability to add or remove activated carbon 
in a slurry and provide backwashing capabilities, if needed, along with switching flow 
direction between units. With regard to backwashing, treated effluent will be stored in a 
7,000 gallon capacity backwash water supply tank (T-1) with backwash supply water 
provided to either carbon unit via a 600 gpm backwash water supply pump (P-2). 
Backwash water firom the carbon ^tem will be directed into a 7,000 gallon capacity 
backwash holding tank (T-2). This backwash water will be bled back into the treatment 
system at a flowrate of approximately 3 gpm via a bleed pump (P-3). Treated effluent 
from the activated carbon column treatment system will be directed into a storm sewer. 

Figure 4-1 also depicts by-pass lines for both the sand filter and the activated 
carbon system to sanitary sewer discharge. The by-pass will allow gradient control wells 
W23, W420 and W21 to continue pumping in the event of process failure or equipment 
maintenance. 

4.2 MAJOR EQUIPMENT ITEMS 

The major pieces of equipment cited in Figure 4-1 are further described in Table 
4-1. Manufacturer's brochures and related information for the DynaSand filter and the 
activated carbon system are provided in Appendix D. 
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TABLE 4-1 

SUMMARY OF THE MAJOR EQUIPR^NT 
AND UTILITY REQUIREMENTS 

I.O. NUMBER [a] DESCRIPTION GENERAL SPECIFICATION OSH REQUIREMENTS Cb] 

PRETBEATHENT WITH POTASSIUM PERHAHGANTE AND SANP. FILTRATION 

CFS-1 

SM-1 

DSF38 

KHn04 
System 

Chemical Feed 

In Line Static Mixer 

Sand Fliter 

C-1 Air Compressor 

ACTIVATED CARBON COLUMN TREATMENT 

P-1 

AC-1, AC-2 

P-2 

T-1 

T-2 

P-3 

Booster Punp 

Carbon Coluira 

Backwash Supply Punp 

Backwash Supply Tank 

Backwash .Holding Tank 

Backwash Bleed Punp 

7,000 gel Ion tank wi.th 
mixer and metering pui^. 

165 GPM. 

DyneSand continuous 
backwasing filter with 
sandi media of 0.9 mm. 
Effective Size and 
< 1..5 Uniiformity 
Coeffiecient. 

6 SCFM a 50 PSI, 2 
Stage, 1-1/2 HP, 3 
Phase. 230/660 Volt. 

150 GPM a 25 PSI., 
Centrifugal, 5 HP. 3 
Phase. 230/660 Volt. 

2 - 5,000 lbs. units in 
series with backwash 
capability, 6' x 10' 
(diameter x height) with 
a 5' bed depth. 

600 GPM a 25 PSI. 
Centrifugal. 15 HP. 3 
Phase. 230/660 Volt. 

7.000 gallon capacity. 

7.000 gallon capacity. 

5 GPM a 25 PSI. 
Centrifugal. 3 HP. 3 
Phase. 230/660 Volt. 

1,673 pounds XHnO^ per 
year. 

HA 

10 gpm reject stream to 
sanitary sewer (POTU). 

1.2 Kilowatt/hr 

3.7 KMowatt/hr 

6,200 - 9,200 pounds per 
year, (cl 

11.2 Kilowatt/hr 

HA 

HA 

2.2 Kilowatt/hr 

NOTESi 

. [a] - Refer to Figures 6-1' and 6-2. 

[b] - Refers to Chemical, Carbon and Utility Requirements. 

Cc] - Taken from Table 3-6. 

NA - Not Applicable 
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The general: specifications of the majbr equipment items cited in Table 4-1 are 
based on the design basis given in Section 3.0 as derived from treatability study results 
and respective manufacturer's design information. The O&M requirements given relate 
to KMnO^ and carbon usages along with electrical utility requirements to help estimate 
O&M costs associated with the full-scale system. Not included with this major equipment 
list are miscellaneous items such as related flow meters, valves, alarms, and operational 
and NPDES permit monitoring equipment. 

43 BUILDING REQUIREMENTS 

The area required to house the entire proposed treatment system is a two-stoiy 
brick building approximately 30 ft. x 35 ft. in floor size. A suggested layout for the 
treatment system is shown in Figure 4-2. 
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FIGURE 4-2 
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5.0 OPERATIONAL AND PERMIT MONITORING CONSIDERATIONS 

To help insure that the proposed groundwater treatment system operates efGciently 
and meets all discharge permit requirements, operational monitoring and discharge permit 
monitoring must be performed. Operational monitoring refers to routine analysis 
performed internally by the City with results used to help determine treatment efGciency. 
This includes determining how effectively the chemical oxidation/sand filtration 
pretreatment step is working in terms of iron, manganese and suspended solids removal, 
as well as determining, when exhaustion of the first in-series carbon column occurs. 
Discharge permit monitoring refers to routine sampling analyses of effiuent streams 
regulated under either NPDES or POTW discharge requirements. Such monitoring is 
used to verify compliance with applicable permits. 

The following two sub-sections respectively address operational and permit 
monitoring issues related to the proposed groundwater treatment system. Specifics given 
are based on the associated treatability work performed and ReTeC's in-house data base 
and experience with similar situations. On this basis, it should be noted that the 
monitoring programs proposed represent ReTeC's best judgement at this time and are 
intended as a starting point for regulatory negotiations. 

5.1 OPERATIONAL MONITORING 

Operational monitoring relates to sampling of both the chemical oxidation/sand 
filtration process and the activated carbon process for respective indicator parameters. 

Table' S-1 provides a summary of the proposed operational: monitoring firequencty. 
As cited, the results of this monitoring are only intended for the use of St. Louis Park 
personnel to aid them in running the treatment system as efficiently as possible in terms 
of treated the pumped groundwater. Results of this monitoring will not be formally 
submitted to the MPCA but will be kept and available at the site for their review. As 
cited in Table S-1, operational monitoring refers to both onsite measurements as well as 
selected sample analyses by an outside laboratory. 
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TABLE 5-1 

PROPOSED OPERATIONAL MONITORING 

FREQUENCY SUMMARY 

PARAMETER DYNASAND FILTER'"' 

Influent/*' Effluent/^' Baclwash 

CARBON PROCESS'"' 

Colunui I 
Effluent 

Column 2 
Effluent 

On-Slte 
pH W 
Iron (Test Kit) W 
Manganese (Test Kit) W 
Flowrate'''' D 
Pressure'"' D 
Air Rate'"' 

W 
W 
W 

W 
W 
W 
D 
D 
D 

W 
W 
W 

W 

D 
D 

nalvses bv Outside Laboratory 
Iron M 
Manganese M 
Phenolics (4-AAP) 
Naphthalene (by HPLC) 

M 
M 
M 
M 

M 
M 

M 
M 

M 
M 

NOTE; D 
W 
M 
M 
M 
M 
[d] 

M 

DaUy 
Weekly 
Monthly 

Refers to grab sample analyses. 
Influent refers to sample taken prior to KMnO^ addition. 
Effluent flow from sand filter corresponds to influent flow to carbon process. 
Continuous recording with daily totalizing. 
Instantaneous reading. 
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The operational monitoring frequency given represents a rather aggressive schedule 
mainly aimed at the initial operating period of the treatment system. However, after 
historical operating data becomes available, then this schedule may be modified in terms 
of less monitoring frequency. 

DynaSand Filter Process 

Related to the DynaSand filter, on-site monitoring relates to weekly pH and test 
kit analyses for Fe and Mn. This will provide qualitative information related to how well 
the system is operating. It is noteworthy that the sand filter effluent is the same as the 
carbon column influent, and thus is not repeated. With regard to flowrate, monitoring of 
the sand filter will not be provided by specific measurements of the total combined 
influent groundwater flow and the backwash flow. Referring to Figure 4-1, each of these 
two individual flows are to be measured by a flow indicating recorder with totalizer 
fluctuation. If needed, the effluent flow from the sand filter (i.e., the carbon column 
influent) can be computed by the difference of the measured influent flow and the 
backwash flow. The sand filter effluent flowrate subsequently becomes the carbon column 
influent with the flowrate not changing across the carbon columns. Thus, the final carbon 
column discharge effluent flowrate measured (See Figure 4-1) will also be the same for 
the measured sand filter effluent. 

In terms of outside laboratory sample analyses, the three respective sand filter 

flows will' be grab sampled and analyzed monthly for iron and manganese. The effluent 
will be analyzed monthly for phenolics (4-AAP) and naphthalene (HPLC) as needed to 
provide an indication of what concentrations are being applied to the carbon treatment 
process. 
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Activated Carbon Treatment Process 

For opeFational monitorihg of the carbon treatment process, Table 5-1 gives that 
on-site monitoring parameters will include pH and test kit Fe and Mn analyses. Flowrate 
will be the same as the sand filter effluent as previously discussed. Pressure will be 
addressed by daily gauge readings. In terms of analytical sampling, the influent (i.e., sand 
filter effluent)' and effluents of the first and second in-series carbon columns should be 
sampled on a monthly basis and anafyzed for phenolics (4-AAP) and naphthalene 
(HPLC). It was determined from the treatability study [1] that of the site groundwater 
chemicals-of-interest, phenolics and naphthalene are the two organics expected to break 
through first and thus determine carbon exhaustion. Monitoring of the lead column for 
these two parameters will provide a relatively inexpensive method of determining when 
carbon exhaustion has occurred and replacement is needed. When carbon exhaustion is 
indicated in the first in-series colunm, the second in-series column will continue to provide 
treatment until the spent carbon in the first in-series column is replaced. The second in-
series colunm will also be checked by the same monthly analyses. When the carbon is 
replaced in the first in-series column, the flow direction will be changed applying the 
influent to the second column, thus becoming the first in-series column. Thus, the first 
column containing the newly replaced carbon will become the second in-series column. 
In this operational mode, the NPDES treated effluent will always be from the column 
containing the most recently replaced carbon. In addition to water quality monitoring, 
daily inspection should be made related to flowrates and pressure across the treatment 
system. Spent carbon can be removed and regenerated by the particular carbon supplier. 

5.2 PERMIT MONITORING 

As previously cited in Figure 4-1, two continuous streams from the proposed 
treatment system will require permit sampling. One stream is the sand filter backwash 
which will be discharged into the Minneapolis/St. Paul Metropolitan sewer system (i.e, 
POTW discharge). The second is the carbon process treated effluent which will be 
discharged into Minnehaha Creek under an NPDES permit issued by the MPCA. 
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During upset conditions with either the sand filter or the carbon treatment 
processes, the possibility also exists for the pumped groundwater flow to by-pass either 
process and be routed into the POTW as cited in Figure 4-1. For the reason that such 

discharge will only occur under upset conditions, only flowrate and pH will be monitored. 
This by-pass capability was requested by the MPCA. Such a by-pass to the carbon 
treatment process could occur during backwashihg of one of the carbon filters with the 
groundwater still receiving chemical oxidation/sand filtration treatment. With such by-pass 

capability, groundwater pumping will not have to be interrupted in the event of upset 
conditions. 

Table 5-2 provides a summary of the monitoring frequency proposed for both the 
DynaSand filter backwash stream POTW discharge and the carbon process effluent 

NPDES discharge. 

DynaSand Filter Process 

Related to the DynaSand filter, on-site monitoring will be done for pH, D.O. and 
flowrate at the respective frequencies cited. Backwash flowrate will be specifically 

monitored by a flow indicating recorder with a totalizer. 

In terms of grab sampling and analysis of the backwash stream, it is proposed that 
pH, suspended solids, phenolics, chemical oxygen demand, and PAHs by HPLC (i.e., EPA 

Method 610) be done on a monthly basis. Related to anticipated water quality of the 
backwash stream. Table 5-3 gives measured values obtained during the carbon column 

treatability work [1] and the DynaSand filter pilot testing (See Appendix C). It is 
anticipated that the average flowrate will be approximately 10 gpm, with a range between 
7 to 20 gpm. Based on the measured analytical results, the backwash stream represents 
a low organic loading in terms of BODj, COD and PAHs. The PAH values given show 
that only the Other PAHs are present as soluble compounds with respective 
concentrations similar to those in the pumped groundwaters. Thus, there appears to be 

no accumulation of PAHs onto the backwash suspended solids as supported by the fact 
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TABLE 5-2 

PROPOSED DISCHARGE MONITORING FREQUENCY 

SIMVIARY 

PARAMETER POTW DYNASAND FILTER NPDES CARBON PROCESS 
BACKWASH^"' EFFLUENT^"^ 

On-Site 
pH W W 
Dissolved O^gen (D.O.) M M 
Flowrate'*^ D D 

Analysis bv Contract Laboratory 
pH M M 
Suspended Solids (TSSA^SS/FSS) M M 
Iron - M 
Manganese - M 
Phenolics (4-AAP) M M 
Chemical O^gen Demand M 
PAH (HPLC) M M 
SLP-PAH (GC/MS) - BA 
Oil & Grease - M 

NOTE: D - Daily 
W - Weekly 
M - Monthly 
BA - Bi-Annually 
M Grab samples to be taken 

Continuous recording 
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TABLE 5-3 

MEASURED SAND FILTER BACKWASH WATER QUALITY 

PARAMETERS MEASURED BACKWASH MEASURED'BACKWASH 
WATER QUALITY [a] WATER QUAUTY [b| 

CONVENTIONAL (mgO:): 

PH 6-9 6 - 9 
Total Suapaadad'SoUda 292 -2270 17-224 
Clwmiral Oxygaa Domaod' NA 38-43 
boa, mg/L NA 4.66 - 77.2 
Maagaaaao, mg/L NA 0189 - 16 
PhcaoUca, mg/L NA 0:01 - 0.08 

POTENnALLY CARCINOGENIC (P.C.) PAH (ugA.) 

Qufaioliiw NA BDL 
Bcaxo(a)aothtaccaa BDL BDL 
Chiyaaaa BDL BDL 
Bcaaa(b)auoiantluaa BDL BDL 
BanB)(a)pyraaa BDL BDL 
ladaaa(i;2.3-e.d)|iynaa BDL BDL 

BDL BDL 
Baan(gJi.l)paiyieao BDL BDL 

Total Dctaetabla PC. PAH BDL BDL 

OTHER PAHi(og/L): < 

2,3'Bcnaafiitaa NA 33 - 35 
NA 180 - 300 

hdcaa NA 180-320 
Naphthalcaa 7.71 -462 1600 - 2000 
'lkiuo(b)tMn|ihnin NA 130 - 210 
ladolo NA BDL 
2-Melityiaaplillialcaa NA 82-120 
l-Mehtylaaplitbalaaa NA 110 - 220 
Bipheayl NA 17 - 28 

BDL BDL 
2.4S -10.9 80-130 

Dibeanfuiaa NA 27 - 43 
nuoicaa 2. IS -9.23 27 - 43 
Dlbaoaotfaiaphaaa NA BDL 

' Pticaanthima 0.S0 -6.99 19 - 31 
BDL BDL 

1 Aetidlaa NA BDL 
! ratbaaolo BDL SO - 82 
' Fluoiaathaaa BDL BDL 

Pyicaa BDL BDL 
NA BDL 

Poiyicao NA BDL 

Total Dctectablo Other PAH.(uga.) 13 - 4S9 2S3S - 3S82 

NotK NA -NolAndyzgd. 
BDL - Bdotr Dcucdaa LowL 
[a] -DiiatiktafhimTnalibili9Slii4rItepoit[l}-TtUaS-l4PAHibr.HFLC, 

Mtaiwui and Mailmiim viluaa (Ivca. 
M - Data takmfiaaiI)yBaSandPiIacTa«Itapait(AppcadiaC]-Tablaa>-S and 3-6, 

PAHa by OOMd, Mlalmiim'aad Maximum valuca givaa. 
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that a sample of filtered backwash solids from the treatability pilot sand filter contained 
non*detectable concentrations of the St. Louis Park (SLP) - PAH list [il]. Additionally, no 
Potentially Carcinogenic PAH compounds were detected during either the treatability or 
the DynaSand pilot testing. The last noteworthy point is that the suspended solids 
concentration range cited for the DynaSand pilot test is more representative of what 
should be expected for the full-scale system. This is due to the fact that the high 
suspended solids concentration of 2,270 mg/L cited for the carbon column treatability 
work represents a surge flow while the much lower range of 17 to 224 mg/L cited for the 
DynaSand pilot test represents a continuous backwash flowrate. 

Activated Carbon Treatment Process 

Referring back to Table 5-2, permit monitoring of the carbon column treated 
effluent will be the same as that for the DynaSand filter in terms of on-site monitoring. 
With regard to NPDES sampling and analysis, it is proposed that monthly samples be 
taken for pH, suspended solids, iron, manganese, phenolics, PAH (by HPLC), and oil & 
grease: In addition, bi-annual analysis of the St. Louis Park - PAH ( by GC/MS) list will 
be performed for QA/QC purposes. However, results of the carbon column treatability 
work performed demonstrated that PAH analysis by HPLC is a good substitute for the 
SLP-PAH analysis by GC/MS. 

In terms of anticipated water quality. Table 5-4 summarizes the projected effluent 
quality based on treatability study results [1]. As cited, the effluent may contain near or 
less than detectable concentrations of conventional parameters, nutrients and metals; and 
less than detectable concentrations of the St. Louis Park - PAH list at a reporting limit 
of 0:01 Mg/L. Thus, it is expected that the treatment system will be ablb to meet all 
targeted NPDES requirements. This is based on the fact that the on-site pilot unit 
column 2 effluent, operated at an EBCT of 15 minutes, contained non-detectabte levels 
of phenolics and PAHs just as the column 3 effluent. Thus, it can be inferred that the 
water quality of columns 2 and 3 are similar and representative of the water quality which 
will be achieved in the full-scale operating at a total EBCT of 15 minutes. An exception 
should be noted for phenolics (4-AAP) for the reason that the target NPDES permit 
requirement of 0.01 mg/L is just above the method detection limit of 0.005 mg/L. Thus, 
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TABLE 5-4 

MEASURED CARBON COLUMN PROCESS EFFLUENT 
QUALITY 

PARAMmRl MIAfUIBDEmunfT' PAEAMgTHti NaOP ' MHAIURED BFn.UE.YT 

qUAUTY 1 PAHRWOi quAurr 

11
1 

! 

u-u 

rvianiiAUT CMWOIOIieiflB CP C| dirLlI 

<001 

Ts^nimidiidlidyi NB-nB <001 

4 <001 

<i8-a <001 

IMOvMOwta <1-4 <001 

aaadOM <4JB-IBLO hdMCI.U-UlfVM 4 <001 

•mtemCmaOOl) 4o-«n 

>«A 

<001* 

9 MM %IMII 

Ta^naiimMiP.CPAII 00 

KOM'OJU OmSlfSUKaiM 

NkitoMN <001 U-B*** 

NiMaaN <auaB <001 

fate 1 <0.01 

H|lil 1 S <0.01 

WTAUCiViUi <001 

IIOB-TM <aioo fate ] <001 

Mm T1 OAt-OJtl <001 

l-Mufatetete 3 <001 

•Ptel s <001 

H llrtll 3 <001 

1 ifl 1 <001 

Bbtete 3 <001 

ffaamaa 3 <001 

<001 

H 1 1 3 <001 

1 11 3 <001 

AflUfaa 3 <001 

Mtei 3 <001 

ni I.n.n <001 

Btei 4 <001 

•i Iillwi 14 J <001 

tayte S <001 

IMOteUaOtePAH oo 

rlipaM|l|«iikMptfli 
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a slight interference with the analytical method may cause the target concentration of 
0.01 mg/L to be exceeded'. Such interferences were observed during the carbon column 
treatability work [1] with ranges between 0.01 to 0:015 notedL For this reason it is 
proposed that the phenolics NPDES requirement be set at 0.05 mg/L. 
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TABLE A-1 

WELL FLOW DATA 

V23 

PRAIRIE DU CHEIN 
JORDAN 

U420 

DRIFT 

UA21 

PLATTEVILLE 

DATE AVERAGE TOTAL AVERAGE TOTAL AVERAGE TOTAL 
(MONTH - YEAR) (GPM) dim GAL.) (GPM) (inn GAL.) (GPM) (mn GAL.) 

NOV 87 40 1.48 . 
DEC 64 4.33 
JAN 88 64 7.20' 30 0.85 31 0.91 
FEB 63 9.90 30 2.10 30 2.14 
MAR 61i 12.50. 30 3.40 30 3.40 
APR 62 15.30 31 4.70 30 4.70 
MAY 58 17.80 30 6.00 30 5.00 
JUN 23 18.90 40 7.80 32 7.40 
JUL .70 21.90 48 9.80 31 8.70 
AUG 73 25.10 41 11.70 31 10.10 
SEP 76 28.50 40 13.40 31 11.50 
OCT 55 31.00 40 15.20 28 12.70 
NOV 52 33.30 40 16.90 28 13.90 
DEC 53 35.50 43 18.70 29 15.10 
JAN 89 50 37.60 U 20.60 28 16.30 
FEB 51 39.80 44 22.40 27 17.40 
MAR 50 41.90 44 24.30 ,27 18.60 
APR 52 44.20 43 26.20 28 19.80 
MAY 53 46:50 U 28.00 27 20.90 
JUN 52 48.80 44 30.00 28 22.10 
JUL 53 50.10 46 31.90 40 23.80 
AUG 53 46 45 
SEP 53 45 47 

STATISTICAL EVALUATION OF AVERAGE MONTHLY FLOWS FROM WELLS FOR 1987 THROUGH 1889 

MONTHLY FLOW (GPM) W23 W420 W421 TOTAL 

AVERAGE 56 40 31 127 
MAXIMUM 76 48 47 171 
MIHIMUM 23 30 27 80 
L9SX 51 37 29 1,17 
UP95X 60 43 34 137 

Engineering Evaluation Report for 
Treatment of Pumped Groundwaters 
at SL Louis Park, Minndota 



TABLE A-2 

W23 WATER QUALITY DATA 

PRftlRIE DU CHIEM/JOROBN CU235 CU9/I) 

SnnPLE NO. 
SRHPLE DHTE 
LBBORRrORV 

CBRCINOGENS 
Quinolln* 
Bvnso *nthrttcvn* 
Chr^v^n* 
Bvnzofluoranth*n*a 
B*nso <«> p^rvn* 
I nd^no C1» 2 • B*-cd> p^fvnv 
D& b^nzo y h)«nthr«c*n« 
B*n=eC9hi> p»r9I 

dSBdS 
11/11/87 

ERr 

2.8 
3.1 
3.1 

10 
2 

2.d 
2 
2 

49046 
11/11/87 

ERr 

2.8 
3.1 
3.1 

10 
2 

2.4 
2 
2 

TornL 0 0 

OTHER PRH 
283-0*ncofur4n 10.9 10.9 
2 v3-0^h^dr01nd«n« 80.2 ^9.9 

61.1 62.S 
N«phth«l vriv > 135 > 130 
B*nso th& eph#n* 31.7 31.5 
Indol* < 2.7 < 2.7 
2-n%bh^l rt»phth«l SO. 4 51. 

n«phth«I «in« S3.S 56.3 
Oiphvnyl l^.H 15.^ 
Rc*n«ph^h^l 7.^ 8.1 
Rcvn«phfch*n# 39.6 dO.6 
Oibvnsofur«n 2<4.2 25.8 
Fluor«n» 26.8 26.1 
Dkbvnsothi ophvn* < 3.1 < 3.1 
Ph«n«nthr»n* 33.5 32 
flnthr«c»n* d d. 1 
Rcr-xdin* < 3.^ < 3.^ 
C^rb^Kol* < 2.? < 2.7 
Fluor«nbh*n» 6.2 8.3 
pijrvn* 6.2 6.i 
BwncoCo^p^rono < 2.5 < 2.5 
P«r^lono < 2.6 < 2.6 

TOfPL > S57 > 559 

OTHER PRRflnETERS C«g/1> 
Oil 6 Crvas* 
PhvnollCs 
rss 

CUnOLRTIVE PunpRGE 
<nillionx of Gzllons) 

51519.24.29 
1/18/88 

ERT 

59387-2 
3/1/88 

Rnfl 

10 
10 
10 
10 
10 
10 
10 
10 

0.28 

5 
0.01 

2 

5.92 9.87 

Not-; < — Indieotos loos thon dotoctoblo eencontrotionx 
NR - Not Rnolgzod. 
NO - Not Dotoctod. 
n - 8 of wol'uoo uood in ototisticol conputotlono 
R"G - Ruoro9o of roportod waluoo. 
riRN - rio-inun of roportod ualuoo. 
niN — ninmuH of roportod waluoo. 
L953 - Louor 952 Confidoneo Intorual Linit. 
U952 - Uppor 952 Confidoneo Intorual Linit. 

648-02 
6/29/08 

RHR 

9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 

3 1.3 
23 IS 
16 7.3 

190 70 
15 7.4 
10 < 9.S 
10 4.2 
22 12 

7 4.3 
5 3.3 

25 17 
11 6.7 
18 12 
2 1.4 

22 14 
3 1.8 

10 < 9.5 
7 3.2 
6 5.9 
5 4.6 

10 < 9.5 
10 < 9.5 

392 191.6 

18.65 

{ STRTIsriCHL EiJRLURriON 

i 8RSE0 UPON 
1615-01 2872-01 88120975 3187-01 4100-01 5560-01 DETECTRBLE OUHNriTIES 
9/21^88 11/30/68 12/28/88 12/28/68 3/29/89 6/29/89 , 

RHR RHR KEYSTONE RRR RHR RHR 1" RVC HRX tHN L958 U952 

9.9 < 1 HP < 10 < 9.4 < 10 10 NO NO HO NO NO 
9.9 < 1 0.235 < 10 < 9.4 < 10 1 0.235 0.235 0.235 0.235 0.235 
9.9 < 1 0.263 < 10 < 9.4 < 10 1 0.283 0.283 0.283 HO NO 
9.9 < 1 0.024 < 10 < 9.4 < 10 ' 1 0.02d 0.024 0.024 NO NO 
9.9 < 1 0.028 < 10 < 9.4 < 10 I 0.028 0.028 0.023 0.028 0.028 
9.9 < I < 0.05 < 10 < 9.4 < 10 0 NO NO NO NO NO 
9.9 < 1 < 0.03 < 10 < 9.4 < 10 0 NO NO NO NO NO 
9.9 < 1 < 0.05 < ID < 9.4 < 10 • ' 0 NO NO NO HO NO 

0 0 0.57 0 0 0 1 0.570 0.570 0.570 0.570 0.570 

10 < 1 HA < 10 < 9-4 < 10 d 6.5 10.9 1.3 0.0 13.6 
14 6.6 NR 12 16 14 9 22.5 50.2 8.6 10.9 34.2 

4.8 2.3 NR 2.8 3.1 3.2 9 18.3 62.5 2.3 0.1 36.5 
7.5 16 28.8 34 25 25 10 66.1 190.0 7.5 23.2 109.0 
3.2 3.8 HA 4.4 4 4.3 9 11.7 31.7 3.2 3.1 20.3 
9.9 < 1 NR < 10 < 9.4 < 10 |0 NO NO NO NO NO 
2.5 2.4 Nfl 3.4 3.5 3.6 .9 14.6 51.4 2.4 0.0 29.6 
9.8 6 NR 7.7 8.3 8.2 9 20.4 56.3 6.0 5.9 35.0 
3.8 2.1 NR 2.9 2.9 2.7 9 6.2 15.4 2.1 2.4 9.9 
2.6 1.7 15.2 2.4 2.3 2.6 10 5.1 15.2 1.7 2.2 7.9 

IS 9.3 21.4 12 14 13 10 20.7 40.6 9.3 13.1 28.3 
6.4 4.7 NR 5.1 5.3 5.1 9 10.5 25.8 4.7 4.3 16.6 

12 7.5 9.3 9.8 11 11 10 14.4 26.8 7.5 9.6 19.1 
1.3 < 1 NR 1.2 1.3 1.2 6 1.4 2.0 1.2 1. 1 1.7 

14 8.3 9.9 12 It 11 10 16.8 33.5 8.3 10.S 23.0 

1.6 1.1 1.8 1.6 1.4 l.S 10 2.2 4. 1 1.1 1.5 2.9 

9.9 < 1 NR < ID < 9.4 < 10 0 NO NO NO NO NO 

2.8 1.5 2.6 2.2 2.1 2.1 8 2.9 7.0 l.S 1.6 4.3 

5.2 2.9 2.5 5.2 4.6 4-9 10 5.4 8.3 2.5 4.1 6.7 
4.4 2.5 2 4.4 4.2 4.2 10 4.4 6.4 2.0 3.5 5.3 

9.9 < 1 NR < 10 < 9.4 < 10 0 NO HO NO NO NO 

9-9 < 1 NR < 10 < 9.4 < 10 0 NO NO NO NO NO 

111.1 80.7 93.5 123.1 120.2 117.6 10 234.6 559.0 80.7 103.9 365.3 

< 0.005 1 5 5 5 5 5 
1 0.010 0.010 0.010 0.010 0.010 
1 2 2 2 2 2 

27.41 33.19 35.24 35-24 41-72 48.65 

Engineering Evaluation Report for 
Treatment of Pumped Groundwater 
at SL Louis Park, Minnesota 



TABLE A-3 

W420 WATER QUALITY DATA 

ORIPr SCU CHH20J tuq/lJ 

SflMPLE MO. 
SaMPLS OHFE 
LHBOPnrORV 

3153^ 
1/18^83 

ERF 

5938T-6 
3/-1/38 

RMfl 

sja-oa 
6/23/98 

RMfl 

1815-Q2 » 
53680-01 
3/21/38 

Run 

2372-02 
ii/30/aa 

RMR 

3197-02 ft 
53819-01 
12/29/98 

PHH 

88120376 
12/29/88 
KEVS70HE 

533-16-02 ft 
3100-02 
3/23/83 

RMfl 

60033-01 
5560-02 
6/23/83 

RMR RWG 

sransricRL EVRLURriOH 
BR'iEO UPOH 

OETECrHBLS QURMriTIES 

WHX HIM L353 U35K 

CRRCrHOGEMS 
Quinolinv 
3<>n::oC43 in'.hricjri« 
Chrij5an4 
8<'n3ofl uoranthanbs 
8an=aC«) pijr»n9 
Indnno C1.2,3-cd)pqrvna 
Ot b»nzo(J.h)«nthr ac*n» 
Bonzo(qhl3 parylana 

2.9 
3.1 
3.1 

10 
2 

2.3 
2 
2 

100 
ICO 
100 
too 
100 
100 
100 
100 

3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

193 
183 
193 
133 
193 
193 
183 
183 

100 
100 
100 
ICQ 
ICQ 
100 
100 
100 

10 
10 
10 
10 
10 
10 
10 
10 

MR 
0.02 
0.15 
0.02 
0.02 
0.05 
0.03 
0.05 

3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
9.3 

200 
200 
200 
200 
200 
200 
200 
200 

Hala: < 
MR 
HO 
n 

Indieatias lass than datactabla eoncantrationa. 
Hot flnalyzad. 
Hot Oatactad. 
• of valuaa uaad in atatiatieal eonputations. 

RVG 
tIflX 
niN 
L9Sa 
U3S.3 

Rvaraqa of raportad valuas. 
HaMinun of raportad valuaa. 
Hininun of raportad valuas. 
Louar 352 Confidanca Intarval Linit. 
Uppar 352 Confidanca Intarval Linit. 

0 
0 
0 
0 
0 
0 
0 
0 

rorflu 0 0 0 0 0 0 0 0 0 0 

OfHER PRH 
2,3-Banzafuran 83 61 56 30 < 100 3.6 NR 21 32 7 
2,3-Oyhydroindana 18 120 150 130 130 130 Hfl leo 160 a 
Indana 65 380 330 180 120 73 NR 230 250 8 
Naphthalana > 2300 2500 2600 1700 500 730 626 1500 2-'CPO 3 
Banco Cb)thiophana . 27 170 160 110 < 100 71 NR 38 150 7 
Indola < 2.7 < 100 < 3.5 < 183 < 100 < 10 HH < 3.3 < 200 0 
2-Nathylnaphthaiana 23 170 ISO 88 < 100 13 NR 80 87 7 
1-Hathylnaphthai ana 25 130 110 82 < 100 37 NR 100 110 7 
Biphanyl 25 25 20 < 183 < 100 6.3 NR 13 21 6 
Rcenaph thylana < 2.5 < 100 < 3.5 < 133 < 100 < 10 61.7 < 3.3 < 200 1 
Rcanaphthana 33 110 32 68 < 100 33 33.1 63 30 a 
Oibanzofuran 36 33 32 25 < 100 6.3 NR 23 32 7 
Fluorana 26 31 23 22 < 100 6.8 6.8 23 30 a 
Oibanzothi ephana < 3.1 < 100 1.3 < 183 < 100 < 10 NR 2.2 < 200 2 
Phananthrana 11 IS 15 < 183 < 100 3.5 3.3 11 < 200 6 
Rnthracana < 2.3 < 100 < 3.5 < 183 < 100 < 10 < 0.5 < 3.3 < 200 0 
fieridina < 3.3 < 100 < 3.5 < 183 < 100 < 10 NR < 3.3 < 200 0 
Carbazola 57 56 55 32 < 100 27 INTRFRNC 33 56 7 
Fluoranthana < 2.2 < 100 < 3.5 < 183 < 100 < 10 < 0.2 < 3.3 < 200 0 
Pyrana < 2.2 < 100 < 3.5 < 133 < 100 < 10 < 0.2 < 3.3 < 200 0 
BancoCalpyrana < 2.5 < 100 < 3.5 < 183 < 100 < 10 NR < 3.3 < 200 0 
Parylana < 2.6 < 100 < 3.5 < 183 < 100 < 10 NR < 3.3 < 200 0 

rorfiL > 2831 3802 3800 2377 750 1138.1 732 2387 3318 3 

OTHER PRRHHETERS tng/13 
Oil a Oraasa 10 1 
Phanollcz 0.51 0.33 0.33 0.222 0.033 0.031 0.12 0.123 8 
rss 9 1 

CUMULRTIVE PUNPflOE 
tHillions of Gallons) 0.3 2.1 7.61 12.88 16.86 18.33 18.33 23.13 23.33 

NO 
MO 
HQ 
NO 
NO 
NO 
NO 
NO 

NO 

31.3 
127.3 
203.6 

1661.8 
112.3 

NO 
87.3 
93.3 
13.6 
51.7 
73.8 
27.0 
21.7 

1.8 
3.8 

NO 
NO 

37.3 
HO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
HO 
NO 
NO 
NO 

NO 

83.0 
180.0 
380.0 

2600.0 
170.0 

NO 
170.0 
130.0 
25.0 
61.7 

110.0 
36.0 
31.0 
2.2 

15.0 
NO 
NO 

57.0 
NO 
NO 
HO 
HO 

2379.3 3802.0 

10 
0.230 

3 

10 
0.510 

3 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

3.6 
18.0 
65.0 

5C0.0 
27.0 

NO 
13.0 
25.0 
6.3 

61.7 
33.0 
6.8 
6.9 
1.3 
3.3 

NO 
HO 

27.0 
HO 
NO 
HO 
NO 

NO 
NO 
HO 
NO 
NO 
NO 
NO 
-NO 

NO 

13.3 
83.3 

113.2 
103-.6 

67.8 
NO 

37.6 
50.3 
11.7 

NO 
51.6 
18.3 
l-.O 
0.0 
3.8 

NO 
NO 

37.5 
HO 
NO 
HO 
NO 

to 
0.031 

3 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

63.3 
163.1 
233.0 

2293.3 
156.9 

NO 
137.3 
118.3 
25.5 

NO 
35.3 
35.6 
23.3 
5.3 

13.3 
NO 
HO 

57.3 
HQ 
nO 
HO 
HO 

732.0 1380.6 3276.1 

10 
0.083 

3 

10 
0.370 

3 
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TABLE A-4 

W421 WATER QUALITY DATA 

PLnrrEVILLE SCH CUIZU Cug/n 

SAMPLE NO. 
SAMPLE OnrE 
LfiBORrtrORV 

CfiPCIMOGEHS 
Cuinolin« 
3cn=oC j)<inthr icvn« 
Chr'j3«n» 
Benzof1uor4nLh«n»3 
B»n=a pijrvnv 
Ind«noCI,21S-cd)pyrvn* 
Oibvnso Cd,h> dnthr4cana 
Banso Cghi 3 ponjl ans 

rorHL 

s7flrisricaL EuflLUhnoM 

51679 
1815-03 & 3137-05 a 599-'6-03 a 60039-02 a 8HSE0 UPON 

51679 59387-7 698-09 59630-02 2972-03 59813-02 88120977 9100-03 5560-03 QErEcrRSLE QURNrrriES 
1/20/88 3/1/98 6/29/99 9/21/39 11 '30/98 12/29/88 12/29/98 3/29/89 6/29/89 

U95a ERF RMR RMR RMR RMR RMR KEVSTONE RMR RMR n RUG MRX MIN L95?: U95a 

2.9 < 100 < 9.5 < 95 < 100 < 10 MR < 9.9 < 50 0 NO NO NO NO HO 
3.1 < 100 < 9.5 < 95 < 100 < 10 < 0.02 < 9.9 < 50 0 NO NO HO NO NO 
3.1 < 100 < 9.5 < 95 < 100 < 10 < 0.15 < 9.9 < 50 0 NO MO MO NO HO 

10 < 100 < 9.5 < 95 < 100 < 10 < 0.02 < 9.9 < 50 0 NO NO NO NO NO 
2 < 100 < 3.5 < 95 < 100 < 10 < 0.02 < 9.9 < SO 0 NO NO NO NO NO 

2.9 < 100 < 9.5 < 95 < 100 < 10 < 0.05 < 9.9 < SO 0 hO NO NO NO NO 
2 < 100 < 9.5 < 95 < 100 < 10 < 0.03 < 9.9 < SO 0 NO NO NO NO NO 
2 < 100 < 9.5 < 95 < 100 < 10 < 0.05 < 9.9 < 50 0 NO NO NO NO NO 

0 0 0 0 0 0 0 0 0 0 NO NO NO NO NO 

OrHER PflH 
2.3-8anzofuran 
2,3-Oijhijdr oi ndana 
Indana 
NaphLhalana 
Bansa Cb3 thx ophana 
Indola 
2-MathylndphLhalana 
1-Ha thy1naphthalana 
Blphan^l 
Rcanaohth^lana 
flcenaphthana. 
Oibanzofuran 
Flunrana 
Oibanzothlophana 
Phananthrana 
flnthracana 
Rcridina 
Carbazola 
Fluoranihana 
Pijrana 
BanzoCa3Parana 
Parylana 

rOFRL 

5 < 100 1.9 
83 81 120 
69 97 79 

910 270 510 
91 92 67 

2.7 < 100 < 9.5 
3 < 100 < 9.5 

18 15 29 
2.8 < 100 2.2 
2.5 < 100 < 9.5 

10 < 100 IS 
2 < 100 1.9 
3 < 100 1.9 

3.1 100 < 9.3 
2.6 < 100 < 9.5 
2.3 < 100 < 9.5 
3.9 < 100 < 9.S 

10 11 IS 
2.2 < 100 < 9.5 
2.2 < 100 < 9.5 
2.5 < 100 < 9.5 
2.6 < 100 < 9.5 

699 366 836 

95 < 100 1.8 NR 1.5 < 50 9 2.6 5.0 1.5 
120 170 180 NR 130 laO 8 123.0 180.1] 81.0 
81 190 75 NR 110 88 8 86.0 WO.O 97.0 

520 600 670 929 970 630 9 500.9 670.0 270.0 
67 < 100 80 NR 75 73 7 63.6 80.0 91.0 
95 < 100 < 10 NR < < SO 0 NO NO NO 
93 < 100 1.3 NR < SO 3 1.9 3.0 1.3 
26 < 100 36 NR 39 38 7 27.3 38.0 15.0 
95 < 100 9.1 NR < 50 3 3.3 9.1 2.2 
95 < 100 < 10 99.2 < < 50 1 99.2 99.2 99.2 
16 < 100 25 12.6 22 26 7 18.1 26.0 10.0 
95 < 100 3.7 NR < SO 3 2.9 3.7 1.9 
93 < 100 9.2 2.9 5.9 5 3.7 5.9 1.9 
95 < 100 < 10 NR < < 50 1 100.0 100.0 100.0 
95 < 100 1.9 1.2 & a 1 

< 50 3 1.3 1.9 1.2 
95 < 100 < 10 < 0.5 < < SO 0 NO NO NO 
95 < 100 1.1 NR 1 < 50 2 1.1 1.1 1.0 
15 < 100 23 IMTRFR 20 29 7 16.9 29.0 10.0 
95 < 100 < 10 < 0.2 < < 50 0 NO NO NO 
95 < 100 < 10 < 0.2 < < 50 0 NO NO NO 
95 < 100 < 10 NR < < 50 0 NO NO NO 
95 < 100 < 10 NR < < SO 0 NO NO NO 

895 910 1106.6 985 877.7 1029.9 9 811.1 1106.6 985.0 

0.3 
100.0 
B-1.0 

'110.2 
50.1 

NO 
-0.1 
15.6 
1.3 

i-1.2 
12.7 
0.3 
2.2 

100.0 
I'.l 

NO 
0.6 

12.1 
HO 
NO 
NO 
NO 

661.3 

1.8 
156.0 
108.0 
590.7 
77.1 

NO 
3.9 

35.0 
S.'l 

•M.B 
23.9 
5.5 
5.2 

100.0 
1.6 

NO 
1.5 

21.6 
NO 
NO 
NO 
NO 

960.8 

OTHER PHRRMETERS Cnq/lJ 
Oil 6 Graasa 
Phanoliea 
rss 
CUMULRFIVE PUMPRGE 
CNilliona of GallonsI 

7 
0.07 

1 

0.38 

0.033 

2.19 

Nata: < 
NR 
NO 
n 

Oaaignatas lass than datsctabla eoncantrations. 
Not Hnalyzad. 
Hot Oatactad. 
• of aaluas usad in statistical conputations. 

0.05 

7.3 

RVG 
MRN 
MIN 
L95R 
USSR 

0.03 

11.07 13.88 

0.035 

19.97 

flavaraga of raportad valuas. 
Haxinun of raportad valuas. 
Hininun of raportad valuas. 
Louar 952 Confidanca Intarval Linit. 
Uppar 952 Confidanca Intarval Llnit. 

0.033 

19.97 

0.029 

18.99 

0.026 

22.03 

7 
0.037 

1 

7 
0.070 

1 

7 
0.026 

1 

7 
0.029 

1 

7 
0.099 

1 
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PRAIRIE DU CHIEH/JORDAN CU:3) Cuq^l^ 

SfinPLE NO, 
SAnPLE OrtTE 
UABORArORV 

CAPCINOCENS 
Quinpl&n* 
DpnseC«> pnthf-pcpnp 
Chr»js«np 
B^ncof 1 uor 
B«nse 
Ind*no C1» 2 • ?-cd> p^r«n« 
Oi bpnso «nbhr pcpnp 
B*nso <9hi > ppr^L #n* 

^96^5 
11/11/67 

ERF 

2.8 
3.1 
3.1 

10 
2 

2.4 
2 
2 

49046 
11/11/87 

ERF 

2.8 
3. 1 
3.1 

10 

2.4 

FOFAL 0 0 

OFHER PAH 
2«3-6onsofuron 10.9 10.9 
2 a D-D^h^dr ox ndono 50.2 49.9 
Indon* 61.1 62.5 
NopKthol ono > 135 > 130 
8#nxo<b> thx ophono 31.7 31.5 
Indolo < 2.7 < 2-7 
2-noth9l nophthol ono 50.4 51.4 
l-Hs thyl nophthol ono 53.5 56.3' 
BipKonyl 14.4 15.4. 
Aconophthyl ono 7.4 8.1 
Aconophthono 39.8 40.6 
Oibmrofuron 24.2 25.8' 
Fluorono 26.8 26.1 
Oibonsothi ophono < 3.1 < 3.1 
Phononthrono 33.5 32 
Rnthrscono 4 4.1 
Aerxdino < 3.4 < 3.4 
Csrbozelo < 2.7 < 2.7 
F1uoronthono 8.2 8.3 
Pyrono 6.2 6.4 
8snKoCo)pyrono < 2.5 < 2.S 
Psrylono < 2.6 < 2.6 

FOFAL > S57 > 559 

OFHER PARRnEFERS CM^/I) 
Oil & CrPMp 
Phvnolics 
rss 

CUnULAFIVE PUnPAGE 
<r>>.Ilions of G«llon«> 0.23 

Not*; < — Indicotos loss thort dotoctsblo ceneontrotic 
NA - Not Rnolusod. 
NO - Not Ootoctod. 
n - t of voluos usod trt stotxst&eol eonputotier 
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SFATlSriCAL E^ALURFIOH 
BASED UPON 

DEFECFABLE QUANFIFIES 

n AUG HAN nXN L95» USSrJ 

0 NO NO NO NO NO 
1 0.235 0.235 0.235 0.235 0.235 
I 0.283 0.283 0.263 NO HO 
1 0.024 0.024 0.024 NO NO 
1 0.026 0.028 0.028 0.028 0.026 
0 NO NO HO NO NO 
0 NO NO NO NO NO 
0 NO NO NO NO NO 

1 0.570 0.570 0.570 0.570 0.570 

4 6.5 10.9 1.3 0.0 13.6 
9 22.5 £0.2 8.6 10.9 34.2 
9 18.3 62.5 2.3 0.1 36.5 

to 66.1 190.0 7.5 23.2 109.0 
. 9 11.7 31.7 3.2 3.1 20.3 
.0 NO NO HO NO NO 
'9 14.6 51.4 2.4 0.0 29.6 
9 20.4 56.3 6.0 S.9 35.0 
9 6.2 IS.4 2.1 2.4 9.9 

10 5.1 15.2 1.7 2.2 7.9 
10 20.7 40.6 9.3 13. 1 28.3 
9 10.5 25.8 4.7 4.3 16.6 

10 14.4 26.8 7.5 9.6 19.1 
6 1.4 2.0 1.2 1.1 1.7 

10 16.8 33.5 8.3 10.5 23.0 
10 2.2 4. I 1. 1 1.5 2.9 
0 NO NO NO NO NO 
a 2.9 7.0 1.5 1.6 4.3 

10 5.4 6.3 2.5 4. 1 6.7 
10 4.* 6.4 2.0 3.5 5.3 
0 NO HO NO HQ NO 
0 NO NO NO NO NO 

10 234.6 559.0 80.7 103.9 365.3 
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SflHl'LE HO. 51533 53397-6 6-9-03 53620-01 1 -01 90120376 
SflNPLE OHrE 1/18^88 3/1/99 6/23/99 3/21/39 1, .-39 12/29/88 
LflBCPflroRV ear R.3fl RHB RHB 1 PHB KEVSroNE 

CflRCIMOGEHS 
Qumolin* < 2.9 < 100 < 3.5 < 193 10 NB 
B«n=eCd} int.hr 9c«na < 3.1 r ICQ < 9.5 < 193 IQ < 0.02 
Chr>js»ni» < 3.1 < ICQ < 3.5 < 133 10 < 0.15 
8«-n=oFl uoranth»nc>s < 10 < 100 < 3.5 < 133 10 < 0.02 
B»n=a<;.>)pijr»n« < 2 r 100 < 9.5 < 183 10 < 0.02 
Ind»no C1.2,3-ed3pyr*n« < 2.3 < 100 < 3.5 < 193 10 < 0.05 
Oibinsa(dIM anthrac«n» < 2 < 100 < 3.5 < 193 10 < 0.03 
B»n3a Cghl}parana < 2 < 100 < 3.5 < 183 10 < 0.05 

TOTRL 0 0 0 0 0 0 

OrHE.R PBH 
2.3-9an20furan 83 61 56 30 « 3.6 MB 

19 120 150 130 Il30 NB 
Indana 65 380 330 190 73 NB 
Naphthaiana > 2300 2500 2600 1700 730 626 
Sanzo Cblthiophana i 27 170 160 110 < NB 
Indala < 2.7 < 100 < 3.5 < 193 < 10 NB 
2-na thijlnaphthal ana 23 170 ISO 99 < 13 MB 
l-Nathylnaphthalana 25 130 110 82 < 37 NR 
9i phanijl 25 25 20 < 189 < ,6.3 NR 
Bcanaph th^Iana < 2.5 < 100 < 3.5 < 193 < 10 61.7 
Rcanaphthana 33 110 32 68 < 33 33.1 
Oibanaofuran 36 33 32 25 < ,6.8 NR 
Fluorana 26 31 23 22 < 6.8 6.8 
Oibanzothiophana < 3.1 < 100 1.3 < 183 < 10 NR 
Phananthrana 11 IS IS < 193 < 3.5 3.3 
Bnthraeana < 2.3 < 100 < 3.5 < 183 < 10 < 0.5 
Rc.-idina < 3.3 < 100 < 3.5 < 199 < 10 NB 
Carbaeola 57 56 55 32 < 27 INrRFRNC 
Fluoranthana < 2.2 < 100 < 3.S < 183 < 10 < 0.2 
Pyrana < 2.2 < 100 < 3,5 < 133 < 10 < 0.2 
9an=aCa>pyrana < 2.5 < 100 < 3.5 < 183 < 10 NB 
Partjlana < 2.6 < 100 < 3.5 < 183 < lio NR 

rOPBL > 2831 3802 3800 2377 
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APPENDIX B 

APPLICABLE ST.LOUIS PARK 
TREATABILITY STUDY SUMMARY 

TABLES 

TABLE B-1: CHARACTERIZATION RESULTS FOR 
SLP-PAH LIST, CONVENTIONAL, 
METALS, NUTRIENTS 

TABLE B-2: INFLUENT TANK (IP4FTNK) SAMPLING 
RESULTS 

TABLE B-3: STATISTICAL COMPILATION OF 
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SAMPLE RESULTS PRIOR TO 
POTASSIUM PERMANGANATE 
ADDITION 

TABLE B-4: SAND FILTRATION COLUMN 
EFFLUENT (SCFEFF) SAMPLING 
RESULTS 

TABLE B-S: PILOT-SCALE OPERATION DESIGN 
PARAMETERS 
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TABLE B-1 

CHARACTERIZATION RESULTS FOR SLP-PAH LIST 
(NOVEMBER 30, 1988 GRAB SAMPLES) 

1 NJUUHCTEN 1 

1 1 les 
HELL OlSCHANSE 
1 u«o 1 IK21 i 

1 'Nepertlns Unit (ug/L) | 
1 1 

1.0 1 100 1 
t 1 

100 1 

1 1 
1 rarEMTML CMCINOGENIC PAH (ug/L}l| 
1 il 

1 1 
1 1 
1 .IJ 1 i 

1 Oulnellne J ND> 
1 r 
1 IB i 80 i 

i| ienie(e)enthreeene j NO 1 NO 1 80 1 
1 Chryeeiie j NO I NO |> >B 1 
1 BenielbHliierenthene j, NO 1 W i 80 i 
|. Bente(k)ftuerenthene j NO I NO I NO I 
I' lenielejpyrcfie | NO 1 80 1 NO ij 
1 lndeno(1,2,3-e,d)pyrene | NO i 80 1 NO 1 
j Olbeni(t,h)enthrecefie j NO I NO 1 80 1 
I Benzelg.h.Dperylene j NO 1 88 1 •B 1. 

1 Tetel Oetecteble | 0 1 0 1 0 jl 

1 1 
1 OTHEN PAH (lis/L» | 
1 1 

1 1 
1; 1 
1 1 1 1 

NO 
1 1 
1 80 1 80 i 

1 2,3-dlhydrelndcne | S.A I 130 I 170 I 
I Indene | 2.3 1 120 1 140 I 
1 Hephchelene | 16.0 1 soo 1 600 I 
j ienzelMthlephene j 3.8 1 80 1 n 1 
I Indele j NO 1 80 1 •n 1 
ij 2-Hethy(nephihelene j 2.t 1 80 1 80 t 
ij 1-Hethylnephehe(ene j 6.0 1 80 1 NO 1 
|i Nlphenyl | 2.1 1 80 1 80 I 
I, Aeenephthylene J 1.7 1 •• 1 80 1 
1 Acenephihene j 9.3 1 80 ,1 NOJ 1 
I' Dlbentefuren j 4.7 1 80 1 80 1 
1 Ptuerene j 7.3 1 • 1 80 1 
1 BlbeniethlephoM j W 1 » 1 NO 1 

8.3 1 80 1, NO i 
I AnUirecene j. 1.1 1 80 1 1 
1 Acrldlne | NO 1 80 1 NO j| 

1 Cerbetele j l;S 1 80 1 80 1 
I Pluerenthcne j 2.9 1 80 1 NO j 
1 Pyrene | 2.5 Il 80 1 80 1 
I Benie(e>pyrene j NO 1 80 1 80 1 
I Perylene j NO ,| NO 1 w I 

.1 Tetel Oeteeteble | 80.7 I. no 1 910 1 

aew: jmalyMi by UlM. 
NO • Net iDKMtibl* In tifne ef iripnrting Halted cited. 
Teblee i-t, B-1 cent, eerreepend te Teblee t-1 end «-2 
reepectlMely In the St. Uule Nerk TreetebUityJtudy Nepert. 

Engineexing Evaluation Report SOT 
Treatment of Pumped Groundwaten 
at St..Louis Park, Minnesota 



TABLE B-1 
(Continued) 

CHARACTERIZATION RESULTS OF CONVENTIONAL, METALS 
AND NUTRIENT ANALYSES 

(NOVEMBER 30, 1988 GRAB SAMPLES) 

1 PARAMETER 1 
1 U23 

WELL DISCHARGE 
\ U420 1 

1 
U421 1 

1 CONVENTIONAL (mg/L) 
1 
1 
>1 

1 1 
1 1 
1 1 

1 
1 

1 Phenol ICS (4-AAP) 
1 
1 0.006 

1 1 
1 0.033 1 

1 
0.039 1 

1 pNi (units) 1 7.4 1 7.1 1 7.2 1 
1 Total Dissolved Solids 1 342 1 644 1 556 1 
1 Total Suspended Solids 1 8.77 1 10-0 1 6.00 1 
1 Fixed Suspented Solids 1 8.77 1 7.00 1 3.00 1 
1 Volatile Suspended Solids 1 <1.00 1 3.00 1 3.00 1 
1 Chemical Oxygen Demand 1 50.0 1 <10.0 1 16.0 1 
1 Total Organic Carbon 1 3.65 1 6.53 1 6.86 1 
1 Oil and Grease 1 <6.00 1 <5.00 1 

1 1 

<5.00 1 

1 METALS (mg/L) 
1 
1 

1 1 
1 1 
1 1 

1 
1 

1 Iron-Total 
1 
1 1.310 

1 1 
1 2.320 |, 

1 
1.310 1 

|. Iron-Ferrous 1 0.129 1 0.148 1 2.820 1 
|i Manganese-Total 1 0.082 

1 
1 0.466 1 
1 1 

0.287 1 

1 NUTRIENTS (mg/L) 
1 
1 

1 1 
1 1 
1 1 

1 
1 

1 Ortho-Phosphate as P 
I 
1 <0.100 

1 1 
1 <0.100 1 

1 
<0.100 1 

1 Afimonia as N ,| <1.00 1 <1.00 1 <1.00 1 
1 Nitrate es N \ <0.020 1 <0.020 1 <0.020 1 
1 Nitrite as N ii <0.020 

11 
|| <0.020 1 

1 1 
<0.020 1 

1 

Note: Analyses iby KER. 
< - represents less then detectable concentrations. 
Tables B-1, 8-1 cont. correspondi to Tables 4-1 and 4-2 
respectively In the St. Louis Park Treatability Study Report. 

Engiiieermg Evaluation Report for 
Treatment of Pumped Groundwateis 
at SL Louis Park, Minnesota 



TABLE B-2 

INiFLUENT TANK (INFTNK) SAMPLING RESULTS 

PRPHMErERS NO. OF 
PRH RINGS 

MOaHMMM AM^aaM V AM MMMM A AAMMAMMMa 
UKl UK2 UK3 

RHRLVriCRL UEEK 
HKd WKS KK6 UK7 UK8 UK3 

CONVEHriONnt (ny/L^i 1 • 
Phanolies Cd-RflP) < O.OOS 0.026 0.022 0.007 a 0.003 < 0.003 < 0.003 o.a2d : 
pH (unita) 7.d 7.3 7.3 7.7 7.2 7.d 7.3 7.3 7.3 
ratal Surpandad Solids Id.O 8.00 12.0 15.0 Id.O 13.0 23.0 13.0 17.0 : 
ratal Oryanie Carbon 6.86 17.3 101 6. Id 3.68 33.0 6.33 7.35 7.d8 • 

NCrnLS (ny/Ul 
B 

Iran-ratal 1.730 1.610 1.700 l.SdO 1.800 1.730 2.010 1.800 1.710 ! 
Iran-Farroua 0.166 < 0.100 < 0.100 <0.100 < 0.100 < 0.100 < 0.100 < 0.100 < 0.100 
Iran-Filtai-ad < 0.100 1.730 1.830 1.820 1.800 < 0.100 < 0.100 1.320 1.700 : 
Nanganasa 3.dao 2.280 3.330 d.660 6.080 3.d60 7.310 5.030 3.610 * 

PAN by HPLC <ug/L7: 
» • • 

Carbazola 3 2.98 <2.00 <2.00 3d.8 <2.00 <2.00 <2.00 23.7 <2.00 
Naphthal ana 2 866 883 d.22 8.18 631 d3d 338 631 37.2 : 
Reanaphthylana 3 da.6 33.3 d.33 <20.0 3.70 iHr INF <20.0 INF : 
Rcanaphthana 3 3S.9 di.3 2d.3 31.3 13.0 7.33 3.68 <20.0 10.0 
riuarana 3 12.3 12.2 10.8 12.6 6.73 3.8d d.dS 10.6 3.37 
PtMiianthrana 3 8.17 7.d7 6.d8 8.37 5.3 3.31 9.22 7.03 6.d8 
Rnthracana 3 2.63 <0.500 <0.500 <0.500 <0.300 <0.300 <0.300 <0.300 <0.300 : 
Fluor an thana d <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 : 
Pyrana d <0.200 <0.200 <0.200 <0.200 <0.200' <0.200 <0.200 <0.200 <0.200 : 
|sneo<a>anthracana d <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
thrysana d <0.ISO <0.130 <0.130 <0.130 <0. 130' <0.130 <0.130 <0.130 <0.130 
Banzo(b}tluoranthana S <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 : 
BanzoCk>riijoranthana S <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 i 
Banzo<a>pyrana S <0.020 <0.020 <0.020 <0.020 <0.1120 <0.020 <0.020 <0.020 <0.020 
Dlbanre<a,h)anthracana S <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 : 
Banzotg.h.Dparylana S <0.030 <0.050 <0.030 <0.030 <0.050 <0.030 <0.050 <0.030 <0.030 ; 
Indana(l,2.3-c.d3pyrana G <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 

ratal Oataetabla PRH 368.2 385.3 31.3 • 35.3 665.8 310.3 611.d 732. d 83.7 

llvlal Hiwlij*** bv KER. 
INF - indie ieaUa ini*rf*r«ne*< 
< - raprnants laas than datactabia eeneantrationa. 
• - indicatas aanpla naa danagad in ahipnant. 
Tabla 0-S eerraapends ie Tabla 9-S in tha St. Louia Park Fraatabilitv Study Raport. 
Sanplaa takan aftar potaaaiun parnanyanata addition. 
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TABLE B-2 
(Continued) 

STATISTICAL COMPILATION OF INFLUENT TANK 
(INFTNK) SAMPLING RESULTS 

PBRHHETEPS 
BSS====S==S3S: 

CONVENTIONRI. Ciiiq/L>: 
Ph«nolics Ct-RRP) 
pH Cuni'ts> 
Total Suspondod Solids 
Total Organic Carbon 

METRLS (rngz-Dl 
Iron-Total 
Iron-Forrous 
Iron—F11tarod 
Rangansra 

PRH by HPLC <ug/L>i 
Carbazo1• 
Napntholano 
Rcanaphthy1ona 
Rennapnthana 
Pluorana 
Phananthrana 
Rnthracana 
F1uoranthana 
Fyrana 
BancoCalanthraoana 
Chrysana 
BancoCblPlueranthana 
BancoCk > Pluoranfchana 
BancoCaJpyrana 
•ibanzota,hJanthracana 
BaneoCg.n,i)porylane 
I ndano 1.1,2,3-e, d ) pyrana 

RbS 

O.OIB 
7.R. 
16 
21 

1.796 
0.166 
1.813 
d.SSl 

20.293 
171 

22.283 
22.009 
9.92B 
6.210 
2.650 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

MRN 
=3= 

0.026 

niN 

0.007 

STO 

0.009 

L95X 

0.007 

U95N 

0.029 I 
7.7 7.2 0.150 7.3 7.5 
29 8 5.798 11 20 
101 6 31.201 0 15 

2.010 1.610 0.117 1.696 1.875 
0.166 0. 166 
1.920 1.700 0.083 1..726 1.900 
7.310 2.280 1.561 3.389 5.793 

31.800 2.380 16.176 0.000 61.226 
885 1 357.315 196 715 

10.600 3.700 20.755 0.000 55.301 
11.300 5.680 13.653 10.592 33.125 
12.6UO 1.150 3.067 7.170 11.885 
8.370 3.220 1.910 1.712 7.678 
2.650 2.650 

Total Oatacbabla PRH I S23 986 SI 

Notai InPluant Tank stabistioal data through uaak 9. 
n - • oF valuas uaad in' sbabisbieal acaputabions. 
RVQ — Rvaraga oP raporbad valuas. 
NRK - Raxiaum oP raporbad values. 
nlN - ninlouia oP raporbad valuas. 
STO - Samp'la standard doviatton. 
U952 - Louar 9S2 CenPldance Inbarval Llatb. 
U9S« - Uppar 93N ConPidanoa Inbarval Liaib. 
NO - Nob Daboobad. 
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TABLE B-3 

STATISTICAL COMPILATION OF INFLUENT IRON AND 
MANGANESE SA1V0»LE RESULTS PRIOR TO POTASSIUM 

PERMANGANATE ADDITION 

PARAMETER WEEK1 WEEK 7 'WEEK 13 n AVG MAX MiN. STD L95% U95% 

METALS (mg/i): 

iron 1.84 2.12 1.98 3 1.980 2.120: : 1.840 0.140 0:000 2.328 
Manganese 0.374 0.361 0.374 3 0.370 0.374 0.361 0.008 0.000 0.388 

NOTE: AVG - Average of reported values. 
MAX - Maxifflum of reported values 
MIN - Minimum of reported values. 
STD - Sample standard deviation. 
L95% - Lower bound'95% confidence Intervai limit. 
U95% - Upper bound'95% confidence intervai iimit. 
n - # of vaiues'usedJn statisticai computations. 
Anaiyses by'Keystone Environmentai Resources. 
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TABLE B-4 

SAND FILTRATION COLUMN EFFLUENT (SFCEFF) 
SAMPLING RESULTS 

PRRflnCTERS NO. OF 
PRH RINGS UKl UK2 UK3 

RNRLVriCRL UEEK 
UKi' UKS UK6 1IK7 >UK8 UK9 

CONVrHnOHRL <N9/L>: 
PKvnol&ea <^-RRp> 
pH 
ro«-o«-*l SMsp«nd«d Solids 
To^fei Or9on&e Corbon 

nernts I 
Iron-Tobol 
Iron»Por*rou« 
Iron-Fft1borod 
n«»i9«nooo 

0.030 
7.2 

0.00 
7.35 

< 0.100 
< 0.100 
< 0.100 

0.022 

0.02S 
7.5 

d.OO 
d.dl 

O.SdO 
< 0.100 

2.100 
7.000 

0.020 
7.d 

1.00 
101 

< 0.100 
< 0.100 
< 0.100 

0.165 

0.019 
7.5 

< l.OO 
11.7 

< 0.100 
< 0.100 
< O.lOO 

0.041 

< 0.005 
7.0 

< 1.00 
5.59 

< 0.100 
< 0.100 
< 0.100 

0.031 

0.009 
7.0 

5.00 
7.90 

< 0.100 
< 0.100 
< 0.100 

0.2SO 

0.044 
7.5 

3.00 
0.99 

0.1501 
< 0.100 
< 0.100 

0.240 

< 0.005 
7.5 

1.00 
7.10 

< 0.100 
< 0.100 
< 0.100 

0.100 

0.009 
7.4 

3.00 
0.52 

< 0.100 
< D.lOO 
< 0.100 

0.095 

Carbacol* 3 2.49 <2.00 <2.00 <2.00 IMF INF INT 10.7 INT • 
HaphthaV«n« 2 743 950 311 110 554 072 10.2 732 070 I 

t Raanaphthylana 3 34.0 44.9 17.3 <2.00 0.07 INT INT <20.0 INF \ 
• 1 flcanaphthana 3 31.0 50.2 38.0 <2.00 19.9 14.4 <2.00 <20.0 14.7 I 

Fluoran* 3 9.03 13.0 11.0 9.03 0.74 11.4 13.1 9.25 11.3 : 
Phananthrana 3 5.06 9.10 5.43 1.81 4.70 0.73 4.72 7.02 0.25 1 
flnthracana 3 <0.500 0.503 <0.500 <0.500 <0.500 <0.600 2.21 <0.500 <0.500 : 
FIdoranthana 4 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 0.218 <0.200 <0.200 ! 

I Pyrapia 4 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 0.202 0.204 <0.200 • 
Ravtao Ca> anthr acana 4 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 : - Chr^aana 4 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150* <0.150 I 
Oanco<b> ft uor an«>hana 5 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 ! 
5ancark>fltjoran^hatia 5 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020' <0.020 «0.020 <0.020 : 
Oartca Ca> P9»'af«a 5 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 : 
Di banco < a t h3 antlvraeana 5 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 \ 

k DancoCy.h.alparijlana 
P Indano<l«2.3-etd>p9ran4 

0 <0.090 <0.050 <0.050 <0.090 <0.050 <0.050 <0.050 <0.050 <0.050 : • w k DancoCy.h.alparijlana 
P Indano<l«2.3-etd>p9ran4 » 0 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.080 <0.050 <0.050 ; 

Total Oafea«tabla PRH 025.90 1000.5 883.33 121.44 591.47 704.53 30.71 707.17 910.26 : 
' 

: PRRrtnETERS NO. OF RNRLVrXCAI. UEEK 
! PRH RINGS UK 13 UK 17 UK21 UK20 UK30 1 

CONVENrXQNRL Cn9/L>8 
Ph«f«ol <4-RRP> 

<U9^L> S 

0.010 < >0.005 0.012 0.017 <0.5 

1 1 Carbacola 3 9.12 0.97 <2.00 471 OS 8 ' •Haphthatana 2 583 47.5 <2.00 900 400 ! > 3 65.0 137 <2.00 <20.0 <20.0 
1 1 Reanaphthana 3' 44.7 <20.0 31.0 <20.0 00 1 
\ \ Fluorana 3 12.7 13.7 11.3 22.4 22.2 1 

t Phananthrana 3 0.73 11 0.90 13.4 9.5 t 
1 iRnthraeana 3 <0.500 <0.500 <0.500 1.200 1.270 [ \ i Fluoranthana 4 0.385 <0.200 <0.200 <0.200 0.560 ' Purana 4 <0'.200 <0.200 <0.200 0.854 1.710 • 

5anco<a>anthraeona 4- 0.033* <0.020 <0.020 <0.020 <0.020 1 
1 'Chrycana 4 <0.150 <0.150 <0.ISO <0.150 <0.150 1 

Oanso<b^fiMoranthana 5 <0.020 <0.020 <0.020 <0.020 <0.020 1 . Dance<k>fluoranthana 5 <0.020 <0.020 <0:020 <0.020 <0.020 
Panco(a>Parana 5 <0.020 <0.020 <0.020 <0.020 <0.020 : ' Otbanco<*tH>anthracana 5 <0.030 <0.030 <0.030 <0.030> <0.030 : 
Dance <9.h.1> porylan# 0 <0.050 <0.050 <0.050 <0.050 <0.050 1 Dance <9.h.1> porylan# 

6 <0.050 <0.050< <0.050 <0.050 <0.050 1 

Total Datactabla PRH 714.23 210.17 50.00 1400.0 040.24 : 
Nobsl Rn*l9s»s 69 KCfl 

INF - indlc-«0«d Xnfe«r*fsr«f«c*. 
< - r«pr*«snts 1««« thsn d*ts<t«bl* eonesnOr*«Oions. 
T«bl* B-3 eomspofids to Foblo 5-0 an tho St. Louas Park rrootabillty Study Roport. 
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TABLE B-4 
(Continued) 

STATISTICAL COMPILATION OF SAND FILTRATION 
COLUMN EFFLUENT (SFCEFF) SAMPLING RESULTS 

PflROnETERS RV6 nnK niN sro L95K U95« 

CONVENTlOHflL Cng/L): 
Ph*nolles C1-nRP» 

PRH by HPLC Cuy/L): 
C«rbazol'v 
Naphthalvn* 
Reanaphthylana 
Rcanaphbhana 
F1uorano 
Phananthr-ana 
Rnthraeana 
F1ueranthana 
Pyrana 
Banco Ca> an-bhraeana 
Chrysana 
Banco Cb) Fl'uoranthana 
Banco Ck? fl'ijoranthana 
Banco<a)pyrana 
Di banco CaIh> anbhr acana 
8anco<g',h,i> paryl ana 
Indano Cl(2>3-e|d)pyrana 

: 
« 
: 9 
: 
I 
! B 
: 13 

8 
9 

! 1-4 
: 11 

3 
3 
1 
1 

0.022 

95.5 
511 

19.1 
36.9 
12.6 
?.36 
1.29 

0.378 
0.758 
0.033 

ND 
NO 
ND 
NO 
NO 
NO 
NO 

0.011 

171 
980 
137 

88.0 
22.1 
13.1 
2.21 

0.560 
1.710 
0.033 

0.009 

2.19 
10.2 
6.07 
11.1 
6.71 
1.81 

0.503 
0.218 
0.201 
0.033 

0.012 

135 
331 
17 

22.9 
1.5 
2.9 
0.7 

0.172 
0.700 

0.013 

0 
339 
0 

19.1 
10.3 
5.7 
0.2 
0 
0 

0.030 ! 
i 
! 

308 ! 
713 : 
98 : 

51.6 I 
15.3 t 
9.0 I 
2.1 I 

0.805 I 
1.871 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Tobal Oabactabla PRH 609 1189 31 117 363 819 ! 

Noba: Sand Filbar Colunn Effluanb abakisbical daba bhrauyh Haak 30. 
n - Nunbar of aanplas uaad be eonpuba raepacbiva sbabiabie*. 
RVG - Ruaraya of raporbad waluas. 
nRK - HaMinun raporbad ualua. 
niNi — nininijn raporbad walua. 
STO' — Sanpla sbandard dawiabion. 
U952 - Upper bound 95% eonfldanea linib. 
L952 - Louar bound 952 eonfldanea linib. 
ND - Nob Oabaebad. 
Tabla B-1'eorrasponds bo Tabla 6-1 in bha Enginaariny Eualuabien Raperb C13. 
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TABLE B-5 

PILOT-SCALE OPERATION DESIGN PARAMETERS 

CHEMICAL OXIDATION/SAND FILTRATION PRETREATMENT 

KMnO^. Dosage 

Sand Filter Hydraulic Loading 

filter Media 

- Anthracite 
Effective Size 
Uniformity Coefficient 

- Pool Sand 
Effective Size 
Uniformity Coefficient 

Intermittent Daily Backwash 

1.16 mg/KWnOymg ipe 
2.16 mg/KMnOymg Mn 

1.15 gpm/ft^ (downflow) 

0.9 mm 
1.70 

0.48 
1.46 

21% Of Applied Daily Flowrate 

ACTIVATED CARBON COLUMN TREATMENT 

• Mesh Size 

• Hydraulic Loading 

• Empty Bed Contact Times 

• Carbon Usage 
- Phenolics (week 22 through 28) 

Naphthalene (week 30) 

12x40 

2.9 gpm/ft^ 

AC1 = 7.5 minutes 
AC2 » 7.5 minutes 
ACS = 10 minutes 

Total = 25 minutes 

0.133 - 0.103 lb. carbon/1000 gal. treated 
0.0014 • 0.0018 lb. phenolics/lb. carbon 

0:096 lb. carbon/1000 gal. treated 
0:047 lb. naphthalene/lb. carbon 

NOTE: Table B-5 corresponds to Table 6-2 In St. Louis Park Treatability Study Report. 
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1.0 INTRODUCTION 

A study was conducted in order to evaluate the performance of a continuous 
backwashing ^e sand filter on pumped groundwaters associated with the St. Louis Park, 
Minnesota, Superfund site. This study was conducted by Remediation Technologies, Inc. 
(ReTeC) for Reilly Industries^ Inc., during October/November, 1989. The purpose of the 
study was to specifically field test a Parkson Corporation DynaSand continuous 
backwashing type filter and to evaluate its performance with respect to suspended solids, 
iron, and manganese removal. 

This study was conducted in conjunction with a pilot carbon column treatment 
system study for the treatment of pumped groundwaters from the St. Louis Park site. The 
objectives of the DynaSand study were: 

(i) to evaluate suspended solids removal and thus protect the 
carbon column treatment process from operation problems; 

(ii) to evaluate iron and manganese removal; and 

(iii) to generate permit monitoring data with respect to the 
DynaSand filter continuous backwash stream. 

This report presents the procedures and results of the DynaSand filter study. 
Section 2.0 presents the study methods and procedures. This is followed by Section 3.0 
which presents the results of the study. Section 4.0 provides a summary and conclusions. 
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2.0 PROCEDURES 

The on-site study was conducted from October 26, 1989, through November 6, 
1989, by ReTeC personnel with assistance from St. Louis Park City personnel. The study 
was performed at the St Louis Park site at the location of gradient control wells W420 
and W421. A pilot-scale DynaSand filter was set up, operated, and monitored for a 
period of approximately twelve days in order to collect performance data. A schematic 
diagram of the DynaSand filter set-up is presented in Figure 2-1 and the pilot carbon 
column treatability set-up performed concurrently is presented in Figure 2-2. Table 2-1 
summarizes the operating parameters for both a full-scale 140 gpm DynaSand filter 
proposed for this application and the 39 gpm pilot unit operated. 

As cited in Table 2-1 and Figure 2-1, the total influent flowrate to the DynaSand 
unit was approximately 39 gpm of flow proportioned groundwater from wells W420 and 
W421 at 62.5 percent and 37.5 percent, respectively. A 0.1 molar potassium 
permanganate (KMnO;^) solution was added to the influent stream at 28 ml/minute 
corresponding to an assumed KMnO^:Iron (Fe) ratio of approximately 1:1 and an 
assumed KMnO^:Manganese (Mn) ratio of approximately 2:1. At these cited flowrates, 
the concentration of KMnO^ in the influent line to the sand filter is computed at 
approximately 3 mg/L. After mixing of the applied flow and the KMnO^ via an in-line 
static mixer, the flow was applied to the bottom of the pilot sand filter at a hydraulic 
loading of approximately 3.6 gpm/ft^. A continuous 8 gpm backwash stream was 
discharged to a sanitary sewer as was the remaining 31 gpm of filtered effluent. A 
minimal flowrate of approximately 0.1 gpm was also fed to the second in-series pilot-scale 
carbon colunm system illustrated in Figure 2-2. 

At an influent flowrate of 39 gpm, the backwash flowrate was 8 gpm, or 
approximately 21 percent of the applied flow. For a full-scale process treating 140 gpm, 
the backwash flow would be 10 gpm, or approximately 7 percent of the applied flow. The 
reason for these two different backwash flowrates being approximately the same with 
different applied flowrates is because the backwashing mechanism in any DynaSand filter 
is basically the same unit requiring nearly the same backwash rate. Operation and 
monitoring of the DynaSand filter was performed to evaluate its performance with 
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FIGURE 2-1 

PILOT-SCALE DYNASAND FILTER SYSTEM SCHEMATIC 
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FIGURE 2-2 

PILOT-SCALE ACTIVATED CAI^ON TREATMENT 

SYSTEM SCHEMATIC 
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TABLE 2-1 

DYNASAND PILOT TEST OPERATING PARAMETERS 

PARAMETERS FULL-SCALE PILOTiSCALE 

W420 Flow (gpm) 

W421 How (gpm) 

Total How (gpm) 

Hydraulic Loading (gpm/ft^) 

Backwash Howrate (gpm) 

KMnO^ Dosage (KMnO^iX) 

X » Iron 
X = Manganese 

Sand Media 

Effeaive Size (RS:) (mm) 
Uniformity Coefficient (U.C) 

50 (62.5%/"/ 

30 (37.5%/"/ 

140/*/ 

3.6 

10 (7%)/"/ 

1:1 
2:1 

0.9 
< 1.5 

24.5 (62.5%)/"/ 

14.5 (37.5%)/"/ 

39 

3.6 

8 (21%)/"/ 

1:1 
2:1 

0:9 
< 1.5 

NOTE: /"/ 
W 
N 

% of total flow of W420 and W421. 
Total design flow of W23. W420 and W421. 
% of backwash flowrate as respective total flowrate. 
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regard to the effluent quality attainable and to determine the chemical characteristics of 
the backwash stream for POTW permitting considerations.. Figure 2-3 details a sampling 
schedule for the pilot-test and Table 2-2 provides an analytical summary of the different 
streams monitored. As cited, monitoring involved both periodic analysis by outside 
laboratories and on-site operational monitoring performed daily. Tabte 2-3 is a sample 
of the record sheet used to record all on-site daily measurements. All on-site 
measurements and samples were obtained by ReTeC persoimel, while all analytical work 
was performed by Keystone Environmental Resources, Inc. (KER) laboratory and Rocky 
Mountain Analytical Laboratory (RMAL) location in Monroeville, Permsylvania, and 
Aivada, Gslorado, respectively. Table 2-4 shows the analytical parameters, test methods, 
and detection limits used by each laboratory. All respective samples taken were grab 
samples with the samples packed on ice and shipped overnight delivery to the respective 
laboratory under proper chain-of-custody procedures. 
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FIGURE 2-3 

SAMPLING SCHEDULE FOR DYNASAND PILOT TEST 

SUNDAY MONDAY TUESDAY WEDNESDAY • THURSDAY FRIDAY SATURDAY 

OCT. 22 OCT. 23 
UNIT 
TO 
ARRIVE 

' OCT. 24 
SET-UP 

, OCT. 25 , 
PIPE 

1 OCT. 26 
START-UP 
II-1] 
IE-11 
IB-I] 

OCT. 27 •OCT. 28 
CI-1.3.4] 
IE-1.3.4] 
IB-1.2.3.4] 

OCT. 29 ' OCT. 30 
tl-ll 
tE-lI 
(B-II 

OCT. 3il 
tl-i] 
lE-n 
tB-n 

'NOV. 1 
II-1] 
lE-l] 
IB-1,2.3.4] 

NOV. 2 NOV. 3 
II-1] 
lE-U 
IB-1] 

NOV. 4 
II-1] 
IE-1] 
IB-1] 

NOV. 5 ; NOV. 6 
, tl-1.3.4] 
' IE-13.4] 
, IB-1,2.3.4] 

; SHUT-DOWN 

NOV. 7 NOV. 8 
UNIT 
TO 
SHIP 

NOV. 9 NOV. 10 NOV. 11 

NOTES CX-X] DESIGNATES [STREAM-PARAMETER] 

I - INFLUENT 
E - lEFFLUENT 
B - BACKWASH 

1 - pH. TSS/VSS/FSS. TOTAL Fe, TOTAL Mn. 
2 - COD 
3 - SLP-PAH (ppt DETECTION LIMIT) 
^ - PHENOLICS (4-AAP) 

SMftPC SOOULE 
FOR 

mmSAWlPILOT FLTBl 
FBD TEST 

ir-0CT-«9 MM 

RETEC 
BCOUTION 

1-1907 
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TABLE 2-2 

SAMPLE AND ANALYSIS SUMMARY FOR DYNASAND FILTER 

WASTE STREAM 

NUMBER OF ANALYSIS 

PILOT 
EFFLUENT BACKWASH DYNASAND CARBON 

FILTER COLUMN 
INFLUENT 

Analysis: 
PH 
Total Suspended 

SoUds (^) 
Fixed Suspended 

SoUds (I^S) 
Volatile Suspended 

Solids (VSS) 
Iron (Fe) 
Manganese (Mn) 
PbenoUcs (4-AAP) 
Chemical O^^gen 

Demand (COD) 
PAH (SL Louis 

Park list) 

On-Site Measurements: 

pH 
Dissolved' Oxygen (D.O) 
Iron (test kit) 
Manganese (test kit) 
KMnO^ Dosage 
Headloss 
Water Flowrate 
Air Flowrate 
Conductivity 

8 

8 

8 

8 
8 
8 
2 

12 
12 
12 
12 
12 

12 

8 

8 

8 

8 
8 
8 
2 

12 
12 
12 
12 

12 

8 

8 

8 

8 
8 
8 
3 

3 

3 

12 
12 
12 
11 

12 
12 

12 

11 
10 

11 

11 
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TABLE 2-3 

SA]V®»LE OF DAILY MONITORING RECORD SHEET 

DynaSand Pflot Test - SL Louis Park, MN 

Day: Date: 

Write - Tnflnftnt fl); 

Flow Each 

Total Combined Flow 

Iron Concentration 

/Manganese Concentration 

PH 

Dissolved OTcygea 

W420 W421 

GPM GPM 

GPM 

mg/L 

mg/L 

Units 

mg/L 

Potassium Permanganate: 

Dosage ml/min Molar 

DYiiaSaiiii Filter BackwashrBl: 

Flow (Time in Bucket) 

Iron Concentration 

Manganese Concentration 

pH 

Dissolved o:7gen 

GPM 

mg/L 

mg/L 

Units 

mg/L 
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TABLE 2-3 (Continued) 

SAMPLE OF DAILY MONITOMNG RECORD SHEET 

DynaSand Pilot Test - St Loois Park, MN 

Day: Date: 

DvnaSand Filter - Kmuent: 

Flow (Influent - Backwash) 

Iron Concentration 

Manganese Concentration 

pH 

Dissolved Oxygen 

GPM 

mg/L 

mg/L 

Units 

mg/L 

Headloss: 

DynaSand Filter 

Carbon Column #2 

Carbon Column #3 

Inches 

PSIG 

PSIG 

Air Rate - DynaSand Filter: _ SCFH on Filter 

_PSIG on compressor 

Carbon Cnlnmn Ffflnent: 

pH 

Dissolved O^^gen 

Note Time of Day 

Units 

mg/L 

HR:MINi 
(24 Hour Qock) 
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TABLE 2-4 

ANALYnCAL METHODS AND DETECTION UMITS 

KEYSTONE ENVIRONMENTAL RESOURCES, INC. 

PARAMETER METHOD DETECTION. LIMIT. 

pH EPA 150.1 
Suspended Solids EPA 160.2 1 mg/L 
Iron EPA 200.7 0.1 mg/L 
Manganese EPA 200.7 0.015 mg/L 

ROCKY MOUNTAIN ANALYTICAL LABORATORY 

PARAMETER METHOD DETECTION UMIT 

Phenolics (4-AAP) EPA 420;1 10 Mg/L 
Chemical Oxygpn Demand EPA 410.4 5 mg/L 
Po^uclear Aromatic Hydrocarbons EPA 8270 10-20 Mg/L 

(SLP-PAH List) 

DynaSand Filter Pilot-Scale Test Report Page' - 11 
for Treatment of Pumped Gronndwateis at 
SL Louis Park, Minnesota 



3.0 RESULTS AND DISCUSSION 

This section presents results of the on-site operational monitoring, and analytical 
monitoring of the DynaSand filter influent, effiuent, and backwash streams. 

3.1 ON-SITE OPERATIONAL MONITORING RESULTS 

The on-site monitoring results are presented m Tables 3-1 through 3-4 with each 
table providing recorded data for three consecutive days. Results indicate that the 
influent flowrate ranged between 35 through 39 gpm, the backwash flowrate remained 
near 8 gpm and the treated effiuent ranged between 27 and 31 gpm. Test kit iron and 
manganese (EM Science) results showed that the influent iron concentration ranged firom 
0 to 10 mg/L and was not detected in the effiuent except for the last day where an 
effiuent concentration of less than 3 mg/L was noted. However, the backwash iron 
concentrations normally ranged from 3 to 25 mg/L by test kit analysis. This indicated 
that the iron was in fact being removed from the sand column and discharged with the 
solids in the backwash stream. 

Additionally, pH remained relatively constant in the influent, effiuent, and backwash 
streams. Also, dissolved o>^gen increased across the DynaSand unit with both the effiuent 
and backwash values being approximately 2-3 mg/L higher than the influent. In terms of 
KMnO^, a computed concentration ranging between 3:0 to 3.34 mg/L was maintained in 
the influent to the sand filter. 

In terms of headloss, the data in Tables 3-1 through 3-4 show that the headloss 
generally remained within 17.0 to 17.5 inches of water for the majority of the days 
monitored. The most notable exception is to be noted for November 3, 1989, when the 
headloss increased to 19.5 inches of water. This drastic increase was. attributed to the fact 
that the air flowrate associated with the backwashing mechanism dropped to 30 SCFH 
due to a sudden drop in air temperature which affected the operating efficiency of the air 
compressor. This situation was rectified on November 4,1989, with the air flowrate back 
up to 60 SCFH; generally the air flowrate operated near 45 SCFH at 20 psig pressure. 
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TABLE 3-1 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 

(10/26/89 THROUGH 10/28/89) 
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TABLE 3-2 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 
(10/29/89 THROUGH 10/31/89) 
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TABLE 3-3 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 

(11/01/89 THROUGH 11/03/89) 
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TABLE 3-4 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 

(11/04/89 THROUGH 11/06/89) 
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This sudden drop in air flowrate affected the air lift mechanism within the DynaSand 
filterwhich is needed for removal of accumulated suspended solids via the backwash 
stream. Without a sufficient air flowrate to properly lift and wash suspended solids from 
the filtration media, suspended solids accumulated. Rectifying the situation on November 
4, 1989, resulted in the accumulated suspended solids being present in both the backwash 
and effluent streams at higher than normal concentrations. This also resulted in the 
headlosses for Carbon Column 2 and 3 having significant increases on November 4 and 
November 5, 1989. On November 5, 1989, the carbon columns were backwashed with the 
situation returned to normal on November 6, 1989. Thus, it is concluded, based on 
operational monitoring data, that the DynaSand filter was operated for approximately nine 
(9) days without incident and when an upset condition did manifest itself, it was easily 
rectified. Further discussions as to the effect the reduced air flowrate had on the 
analytical parameters monitored (e;g.,. TSS) for are provided in the next two sub-sections. 

Lastly, on-site monitoring data show that the dissolved oj^gen (D.O.) concentration 
did decrease across the pilot-scale carbon columns generally within a range of 1 to 2 
mg/L, substantially lower than the sand filter effluent range of 7 to 8 mg/L. Such a 
decrease in D.O. was not observed during the pilot-scale treatability work performed. In 
terms of pH, no change was noted across the sand filter or carbon columns. 

3.2 INFLUENT AND EFFLUENT ANALYHCAL RESULTS 

All analytical results for the twelve (12) day study period are given in Tables 3-5 
and 3-6. Table 3-S gives a summary of the influent, effluent, and backwash streams; 
Table 3-6 gives the individual SLP-PAH results for these same three streams. 

Table 3-7 gives a statistical compilation summary of data given in Table 3-5. The 
influent values support that the respective concentrations cited did not change significantly 
over the twelve day study period. As expected, no Potentially Carcinogenic PAHs were 
detected with naphthalene being the predominant Other PAH compound as cited in Table 
3-6. 

DynaSand Filter Pflot-Scale Test Report Page - 17 
for Treatment of Pumped Gionndwateis at 
SL Louis Park, Minnesota 



TABLE 3-5 

SUMMARY OF ANALYTICAL RESULTS FROM 

DYNASAM3 FILTER PILOT TEST 

DA1C SAMPLED E7-89 VMMi 102949 1031-89 11-01-89 11-0M9 11-0449 11-0S89 

7:i 73 7.4 7.4 7.2 73 73 7.3 
11 7 4 8 2 3 9 1 
0 0 0 0 0 0 0 

11 7 4 8 2 3 9 1 
Z12 Z16 Z13 Z16 X12 Z21 Z12 2.14 
a38 038 038 0.39 038 0J8 0J8 038 
. 018 m . - - 009 
- BDL • - - - BDL 

- 2755 - - • - 2661 

73 7.4 73 73 7.4 7.4 7.4 7.3 
4 2 1 2 1 0 6 5 
0 0 0 0 0 0 0 0 
4 2 1 2 1 0 6 5 

< ai < oi < 01 039 < 01 < 0.1 1.67 1.46 
a93 09 0.29 1.06 073 1.08 1.13 0.72 
- 031 - . . . - 0.1 
- BDL - - - • - BDL 

- 3059 - • - • - 3080 

73 7.4 73 7.4 73 73 73 73 
37 32 82 27 23 17 224 14 
23 12 53 18 6 3 157 3 
14 20 29 9 17 14 67 11 
7:68 7.48 1Z20 9.29 4.66 5.26 77.2 5.20 
3.78 Z86 16.0 1.47 3.67 1.69 Z49 0.89 
. 003 . . OOl . m 0.08 
. 40 - - 43 . m 38 
- BDL • . BDL - - BDL 

pH, units 
Tout' Suspended Solids, mg/L 
Fixed Suspended Solids. mg/L 
Volatile Suspended Solids, mg/L 
Iron, mg/L 
Manganese, mg/L 
Phenolics, mf/L 
Total Detectable Potential 

Carcinogenic PAH /ig/L 
Total Detecuble Other PAH. figA-'*' 

pH, units 
Total Suspended Solids, mg/L 
Fixed Suspended Solids, mg/L 
Volatile Suspended Solids, mg/L 
Iron, mg/L 

^Mnganese, mg/L 
^•enolics, mg/L 

^otal Detecuble Potential 
Carcinogenic PAH, /ig/L 

Total Detecuble Other PAH, 

BACKWASH 
pH, uniu 
Toul Suspended Solids, mg/L 
Fixed Suspended Solids, mg/L 
Volatile Suspended Solids, mg/L 
Iron, mg/L 
Manganese, mg/L 
Phenolics, mg/L 
Chemical Oxygen Demand, mg/L 
Toul Detecuble Potential 

Caicinogentc PAH, ^g/L 
Toul Detecuble Other PAH, /ig/L'*l 2961 3132 2882 

NOnE: BDL - Below Detection Limit 
See Table 3-6 for individual PAH data. 
< indicates less than deteeiabie uoncutraiiun. 

Does not include 'Less Than' values. 
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TABLE 3-6 

ST. LOUIS PARK - PAH RESULTS FROM DYNASAND FILTER 

PILOT TEST 

STREAM mPLUENT EFFLUENT BACKWASH 

DATE SAMPLED 10-28 11-6 10-28 11-6 ,10-28 11-1 11-6 

POTEMTIALLY CARCINOCENIC (P.O.) PAH (ugO.); 

QutaoUaa <10 <10 <10 <101 . <10 <20 <10 

<10 <10 <10 <101 
1 

<20 <10 

Chiytcno <10 <10 <10 <101 <10 <20 <10 

<10 <10 <10 <10| , <10 <20 <10 

BaaoOOfluaruthcaa <10 <10 <10 <I0| <10 <20 <10 

aaa(t)pynu <10 <10 <10 <10> <10 <20 <10 

Iiideao(1.2,3-«,d)fgrTens <10 <10 <10 <10' <10 <20 <10 

Oibca(m.h)ullinGcna <10 <10 <10 <10 <10 <20 <10 

, BciBO(|Ji,l)pa]rlciia <10 <10 <10 <10 <10 <20 <10 

Tool DcwctaU* P.C. PAH 0 0 0 0 0 0 0 

OTHER PAH (U|/L): 

2,3Bcaiofuna 3S 30 36 36 33 ss 36 

ISO 160 160 160 190 300 180 

Indcaa | I 210 190 210 230 180 320 220 

Ntphlludcoa 1 1 1800 1800 2100 2100 2000 1600 1900 

1 120 120 110 130 130 210 130 

Lidol* <10 <10 <10 <10 <10 <20 <10 

86 69 100 90 82 120 86 

l-MahyliHiplHlMlnm 110 96 120 120 120 170 110 
BIphcnyl 17 16 17 17 17 28 18 

<10 <10 <10 <10 <10 <20 <10 

78 72 81 77, 81 130 80 

Dibcnzofuru 26 23 27 26 28 43 27 

Fluoieoa 27 2«. 27 26 28 43 27 

<10' <10; <10 <10 <10 <20 <10 

18 nj 19 18 19 31 19 
Aothnecaa <10 <ioi ; <10 <10 <10 <20 <10 

Acridloo <10 <10 1 <10 <10 <10 <20 <10 

Cubnola a 46 ! ^ SO S3 .82 so; 
RuoruUhm <10 <10 1 <10 <10 <10 <20 <101 

Pyicu <10 <ioi <10 <10 <10 <20 <io' 

<10 <101 , <10 <10 <10 <20 <10' 

Pciylcna <10 <10' <10 <10 <10 <20 <101 

Tool Dctecabla Odm PAH 27SS 2661 3039 3080 2961 3132 28831 

Not« <wliialadkttalMi lhwdeMlibla 
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TABLE 3-7 

STATISTICAL COMPILATION OF INFLUENT 

AND EFFLUENT DATA 

I'AKAMin'ER N AVG L9S% U95* MIN MAX 

INFI.UENT (1(V27 thru 11/Q 
7.4 pH, units 8 7J 7.2 7.4 7.1 7.4 

Total Suspended Solids, mg/L .« 5.6 Z6 8.7 1.0 11.0 
Rxed Suspended Solids, 8 0 0 0 0 0 
Volatile Suspended Solids, mg/L 8 5.6 Z6 8.7 1.0 11.0 
Iron, mg/L 8 L13 Z12 114 111 116 
Manganese, mgIL 8 038 037 039 037 039 
Phenolics, mg/L 2 ai4 0 a7i 009 018 
Total Potentially Carcinogienic 2 BDL - - • • 

PAH,/ig/L 
2755 Toul Other PAH, /tg/t 2 2708 2111 3.305 2661 2755 

EFFLUENT (1(F27 thru 11/6) 
pH, units 8 7:4 73 7.4 73 73 
Total Suspended Solids, mg/L 8 2.8 1.1 43 no 6.0 
.Fixed Suspended Solids, mg/L 8 0 0 0 0 0 
Volatile Suspended Solids, mg/L 8 L8 1.1 43 1.0 6.0 
iron, mg/L 3 1.17 a23 11 039 1.67 
Manganese, mg/L 8 OM a63 1.09 029 1.13 
Phenolics, mf/L 2 0.21 0 134 OlO 031 
Total' Potentially Carcinogenic 2 BDL - - - -

PAH,Mga-
Toul Other PAH, nf/L 2 2670 0 7885 2259 3080 

EFFLUENT (10/27/ thru 11/3) 
pH, unlu 6 7.4 73 73 73 73 
Toul Suspended Solids, mg/L 0 1.8 4.0 lU) 06 3.1 
Fixed Suspended Solids, mg/L 6 ao ao 0.0 OO OO 
Volatile Suspended SoUds, mg/L 6 1.8 4.0 1.0 06 3.1 
iron, mt/L 1 0.4 . • 053 1.16 
Manganese, mg/L 6 0.8 11080 029 - -
Phenolics, mg/L 1 031 - - - -
Toul Potentially CaidnogenI(;./(g/L 1 3059 » - • -
Total Other PAH, fig/L 1 BDL ' - - -

BACKWASH (10/27 Ihra 1V6) 
pH, uniU 6 7.4 73 73 73 73 
Toul Suspended Solids, mg/L 6 1.8 a6 3.0 IJ) 43 
Fixed Suspended' Solids, mg/L 6 0 0 0 0 0 
Volatile Suspended Solids, mg/L 6 1.8 03 3.0 LO 4.0 
iron, mg/L 1 039 • • . -
Manganese, mg/L 6 034 033 1.15 029 1.08 

NOTE: Statistical compilation of data given in Table 3-S; only detectable concentration used. 
BDL - Below Detectable Levels U95% - Upper bound 95% confidence limit 
N - Number of samples MIN - Minimum of reported values 
AVG - Average of reported values MAX - Maximum of reported values 
L95%- Lower bound 95% confidence limit 
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Based on only two samples, Table 3-7 data shows that there were basically no 
reductions measured across the sand filter for either phenolics or PAHs. It should also 
be noted that the PAHs which were analyzed included only those on the "St. Louis Park" 
list, with no Potentially Carcinogenic PAHs detected in the influent groundwater. 

Additionally, based on the influent iron (Fe) and manganese (Mn) average 
concentrations of 2.13 mg/L and 0.38 mg/L, respectively, and the KMnO^ dosage ratios of 
1:1 for iron and 2:1 for manganese (i.e., KMnO^ : Fe or Mn), gives an applied KMnO^ 
influent concentration of approximately 2.9 mg/L. This is very close to the applied 
KMnO^ concentration range of 3.0 to 3.3 previously cited in Tables 3-1 through 3-4. 
Thus, sufficient KMnO^ was added to oxidize the Fe and Mn present. 

Two sets of effluent values are cited in Table 3-7. One set corresponds to all data 
collected from October 27 throu^ November 6, 1989, and thus includes data for days 
11/4 and 11/6 which are after the day 11/3 upset, where the air flowrate to the filter was 
reduced and solids accumulated in the filter as previously discussed. For this reason, the 
second effluent data set only includes days 10/27 through 11/3. 

Comparing respective parameters between the two effluent sets in Table 3-7 shows 
that the accumulation of solids in the filter did affect iron and suspended solids removal 
significantly. This fact is further illustrated in Figures 3-1 and 3-2. Figure 3-1 plots the 
influent and effluent TSS values and shows that the DynaSand filter was working quite 
well in terms of TSS removal.. As cited, solids accumulation occurred in the filter due to 
a reduced air flowrate on day 11/3 as evidenced by the increase in effluent TSS values for 
days 11/4 and 11/5. Even though the low air flowrate situation was rectified on day 11/4, 
residual accumulated solids were still impregnated in the filter media as evidenced by the 
effluent solids. 

The data plotted in Figure 3^2 also supports that the DynaSand filter was working 
quite well in terms of Fe removal (i.e., generally non-detectable concentrations) imtil the 
low air flowrate condition occurred on day 11/3. The higher Fe concentrations on days 
11/4 and 11/6 are most likely in the form of precipitated Fe(OH)j .present as accumulated 
suspended solids in the sand filter and also detected in the effluent as suspended solids. 

DynaSand Filter Pilot-Scale Test Report Page - 21 
for Treatment of Pumped GioundnateB at 
SL Louis Park, Minnesota 



20 

FIGURE 3-1 

INFLUENT AND EFFLUENT TSS CONCENTRATIONS 
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FIGURE 3-2 

INFLUENT AND EFFLUENT IRON CONCENTRATIONS 
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For the case of Mn removal. Figure 3-3 shows that the effluent concentrations 
generally increased across the DynaSand filter. Such an increase is primarily due to two 
reasons. The first reason is that Mn was added to the influent as the chemical oxidant 
KMnO^. Based on an applied KMnO^ concentration of approximately 3 mg/L, the 
associated Mn concentration is computed at 1.04 mg/L. Adding this concentration of 
applied manganese to the average influent concentration of 0.38 mg/L (Table 3-7) gives 
a total Mn concentration of approximately 1.42 mg/L being applied to the sand filter. 
This computed value is slightly higher than that measured in the effluent during the test 
period. In fact, the average Mn effluent concentration measured is given as 0.86 ±0.23 
(±95% CI) as cited in Table 3-7. Thus, some Mn removal across the sand filter is 
occurring, but not enough to cause the effluent concentration to be lower than the 
influent concentration prior to KMnO^ addition. 

The second reason for the analytically measured Mn increase across the DynaSand 
unit may be due in part to. the fact that the effective size (E.S.) of the sand used in the 
pilot unit was 0.9 mm. The fact that the Mn effluent concentration remained rather 
constant during the study (Figure 3-3) supports that the 0.9 mm E.S. sand used was 
allowing some small Mn precipitates to pass through the filter , where as the iron was 
substantially removed. Furthermore, the sand used m the on-site carbon column 
evaluation work achieved Mn concentrations in the sand filter effluent consistently below 
0.3 mg/L with sand having an effective size of 0.5 mm. Sand with a smaller effective size 
would result in greater Mn removal, however, Parkson Corporation does not recommend 
operation of the DynaSand unit using sand with an E.S. less than 0.9 mm. Alternatively, 
supplemental polymer addition may aid in Mn removal. Based on discussions with 
Parkson technical personnel, it is felt that addition of the polymer prior to the in-line 
static mixer will cause agglomeration of Mn floe particles which will then be subsequently 
removed in a filter having media with an effective size of 0.9 mm. Regardless of the fact 
of the slight Mn concentration increase across the DynaSand unit, the average effluent 
concentration achieved for the entire study period was 0.86 mg/L ±0:23 (±95% CI) as 
given in Table 3-7; this average is below the target NPDES requirement of 1.0 mg/L. 
Thus, the situation is controllable without having to use a smaller E.S. sand and/or 
polymer addition. Additionally, reducing the mass of KMnO^ added will also reduce the 
effluent sand filter Mn level: It is also noteworthy that Mn, at a concentration less than 
0.5 mg/L, 
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INFLUENT AND EFFLUENT MANGANESE CONCENTRATIONS 
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was not removed across the pilot-scale carbon columns operated during onsite treatability 
work. 

33 BACKWASH ANALYHCAL RESULTS 

Table 3-8 gives a statistical summaiy of the specific backwash data results cited in 
Table 3-5. These results given support that the DynaSand filter did achieve removal of 
Fe and Mn< species, and that the quality of the backwash stream is suitable for POTW 
discharge. 

Table 3-8 gives two sets of data for the backwash stream. One set corresponds to 
a statistical compilation of data for the entire study period;, and the second set 
corresponds to a statistical compilation of data through November 3, 1989, just prior to 
a reduction of the air flowrate as previously discussed. Based on these data, there 
appears to be significant differences between the two sets in terms of TSS, VSS, ESS, and 
Fe, but not for pH and Mn. The differences for TSS and Fe are illustrated in Figures 3-
4 and 3-5, respectively. 

Figure 3-4 shows that TSS levels were consistently below 100 mg/L prior to day 
11/4. The drastic increase to above 200 mg/L on day 11/4 is attributable to the fact, as 
previously discussed, that the air flowrate to the DynaSand unit was reduced to a rate 
where effective backwashing was not being achieved with suspended solids accumulating 
in the filter. When the air flowrate was increased back to a normal level on day 11/4, the 
accumulated solids were flushed from the filter as indicated by the sharp increase in TSS. 
On day 11/6, the situation was rectified back to normal conditions in terms of backwash 
TSS concentration. 

As illustrated in Figure 3-5,. backwash Fe concentrations somewhat follow the same 
trend as that for TSS. This is because removed Fe precipitated as Fe(OH)j and thus was 
detected as TSS. 
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TABLE 3-8 

STATISTICAL COMPILATION OF BACKWASH 

STREAM DATA 

PARAMETIfR N AVC L95% U9S% MIN MAX 

PERIOD: lOa? THRU ll/< . 
pH, units 8 7.4 7J IS 7J IS 
Toul Suspended Solids, mg/L 8 57 0 116 17 224 
Foed Suspended Solids, mg/L 8 34 0 78 3 157 
Volatile Suspended Solids, mg/L 8 23 7 39 14 .67 
Iron, fflg/L 8 1&12 0 36.86 4.66 77.20 
Manganese, mg/L 8 4.11 0 &22 1.47 16.00 
Phenollcs, mg/L 3 ao4 0 ai3 aoi a08 
Chemical Oxygen. Demand, mg/L 3 40 34 46 38 43 
Total Potentl^ Carcinogenic 3 BDL - - - -

PAH,Mg«-
Total Other PAH, /ig/L 3 2992 2674 3309 2882 3132 

PERIOD: 10/27 THRU 11/3 
pH, units 6 7.4 7J IS 7J IS 
Total Suspended Solids, mg/L 6 36 12 60 17 82 
Fixed Suspended Solids, mg/L 6 19 0 38 3 53 
Volatile Suspended Solids, mg/L 6 17 10 24 9 29 
Iron, mg/L 6 7.76 4.87 ia6S 4.66 12.20 
Manganese, mg/L 6 4.91 0 ia70 1.47 l&OO 

NOTE: Siaiistical oompilation of dau given In Table 3-S; only detectable ooncentiatlon used. 
BDL - Below Detectable Levels U9S% - Upper bound 95% confldence Interval limit 
AVG - Average of reponed values MIN - Minimum of reported values 
L9S%- Lower bound 95% confidence Interval limit N - Number of repotted values used In sutlstlcal compilations. 

PynaSand I^ter FOot-Scale Test Report Page - 27 
for Treatment of Pnmpeil Gioimdnateis at 
SL Louis Park, Minnesota 



FIGURE 3-4 

BACKWASH STREAM TSS CONCENTRATION 
-VS-

OPERATING DAYS 
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FIGURE 3-5 

BACKWASH STREAM IRON CONCENTRATION 
-VS-

OPERATING DAYS 
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No such relationship is indicated for Mn as supported by the data illustrated in 
Figure 3-6 which shows Mn concentrations being .somewhat constant during the entire 
study period, including days 11/4 and 11/6. While the relatively high 'Mn concentrations 
support that Mn is being removed via sand filtration and being discharged in the 
backwash stream, there is no association with TSS as there was for Fe. This further 
explains why Mn was not removed across the DynaSand filter to the extent iron was. 

Referring to Table 3-8, the data for pH and Total Other PAH is not significantly 
different than the same parameter values cited in Table 3-7 for the influent and effluent. 
However, the phenolics concentration is less when measured in the backwash stream. The 
fact that PAH concentrations are somewhat the same among the three streams (Table 3-
6) is due to the fact that the respective Other PAHs detected exist as relatively soluble 
compounds (i.e., >1.0 mg/L) and are not easily adsorbed onto suspended solids. 

In terms of permitting considerations, the data presented supports that a discharge 
of approximately 10 gpm into the City of St. Louis Park's POTW should be acceptable. 
Specifically, the only parameter of any potential issue is TSS which will be below 100 
mg/L under normal operating conditions. No significant impact should be felt in terms of 
organic loading based on phenolics, chemical oxygen demand (COD) and Total Other 
PAH. The data given in Table 3-8 should be used in terms of providing guidance related 
to developing discharge requirements. Specifically, data for days 10/27 through 11/6 
should be used as being appropriate. Since these values represent a conservative 
estimate. 
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FIGURE 3-6 

BACKWASH STREAM MANGANESE CONCENTRATION 
-VS-

OPERATING DAYS 
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4.0 SUMMARY AND CONCLUSIONS 

An on-site chemical oxidation/sand filtration pilot study was conducted for a twelve 
day period. The pilot system treated pumped groundwater via potassium permanganate 
(KMnO^) addition for removal of iron (Fe)' and manganese (Mn). This step was then 
followed by sand filtration via a Parkson Corporation DynaSand filter with continuous 
backwashing. Groundwater was treated at a flowrate of approximately 39 gpm with a 
continuous backwash flowrate of approximately 8 gpm. 

Summary and conclusions of this test work follows. 

(1) Under normal operating conditions, this treatment ̂ tem produced a treated 
effiuent suitable for subsequent activated carbon column treatment 

(2) Based on average concentrations under normal operating conditions (10/27 
through 11/3), the system consistently achieved Fe reductions from 2.1 mg/L 
to less than 0.4 mg/L, and total suspended solids (TSS) reduction fi-om 5.6 
mg/L to 1.8 mg/L 

(3) There was an increase in Mn across the treatment system due to KMnO^ 
addition. However, accounting for the Mn added as KMnO^, sand filtration 
reduced average Mn levels from 1.4 mg/L to 0.9 mg/L There is potential 
for concentration to be further reduced by using a polymer addition to 
enhance Mn floe formation. 

(4) Potassium permanganate dosage ratios of 1:1 (mg KMnO^ : mg Fe) for iron 
and 2:1 (mg KMnO^ : mg Mn) for manganese were verified. 

(5) A reduction in air flowrate to the DynaSand filter for a 24-hour period 
resulted in accumulation of TSS in the filter unit. This subsequent^ resulted 
in higher than normal Fe and TSS concentrations in both the treated effluent 
and backwash flows untfi the solids were flushed out of the unit However, 
once discovered, the situation was easily rectified. 
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(6) Phenolics (4-AAP) and polynuclear aromatic hydrocarbons (PAHs) were not 
significantly removed across the pilot ^tem nor were they concentrated in 
the backwash stream. Likewise, pH was also not affected. However, 
dissolved ojQrgen (D:0.) did increase across the DynaSand filter from levels 
between 1-2 mg/L to levels between 7-8 mg/L. 

(7) In terms of POTW discharge of the backwash stream, anticipated 
characteristics are: 

pH between 6-9; 
D.O. greater than 2; 
TSS between 17-224 mg/L; 
COD between 38-43 mg/L; 
phenolics (4-AAP) between 0:01-0.08 mg/L; and 
Total Other PAH between 2882-3132 /ig/L 

These concentration ranges given correspond to the respective "min" and "max" 
values given in Table 3-8 for the period 10/27 through 11/6, and thus, represent the entire 
ranges expected for the respective parameters. 
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APPENDIX D 

ATTACHMENT 1 

ACTIVATED CARBON COLUMN SYSTEM 

(CALGON CORPORATION) 



September 8, 198!8 

MODEL 7-1/2 ADSORPTION SYSTEM 

CALGON OUIBON CORPORATION 

1. SCOPE OF WORK 

1.1 GEMEHAL: The following specification describes all 
equipment, materials and services necessary to provide a 
complete Granular Activated Carbon Adsorption System. 
The Adsorption System shall consist of multiple units and 
all related appurtenances required for a completely 
operational system. The total system must be designed 
for economical carbon usage and ease and completeness of 
Granular Activated Carbon transfers. 

The Carbon Adsorption System Supplier must take unit 
responsibility for the complete system. The Supplier 
shall be responsible for design, fabrication and assembly 
of all mechanical components including, but not limited 
to, adsorber (vessels), piping, instrumentation and 
controls. The Supplier shall also be responsible for 
supply, delivery and loading of Granular Activated Carbon 
and unloading and environmentally approved disposal of 
the spent carbon. Removal and disposal of spent carbon 
must be in accordance with all applicable local, state, 
and Federal Regulations regarding solid waste materials. 

The Carbon Adsorption System Supplier shall be able to 
guarantee a supply of Granular Activated Carbon. The 
Supplier shall also be able to remove and transport spent 
Granular Activated Carbon classified as hazardous under 
RCRA regulations, so that it can be transported to a 
reactivation facility as required. 

1.2 DESIGN,; The .total system shall contain a minimum 
installed capacity of 10,000 pounds of Granular Activated 
Carbon in each of two adsorbers. Overall system design 
flow will be up to 3S0 gpm at a total pressure drop of 
less than or equal to 30 psi with both adsorbers operated 
in series. A maximum system pressure drop of 30 psl 
(with clean water and clean bed — either fresh carbon or 
following backwash) will be measured beginning with the 
influent piping and ending with the effluent piping at 
the battery limits. (OFTION: System design flow will be 
up to 700 gpm with two adsorbers operated in parallel). 
The system shall be designed to treat all waters equal to 
or above pH 7, or that are otherwise not corrosive to 
carbon steel material. 
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Battery Liaits for the Adsorption Systea shall be defined 
as beginning at the influent connection for the systea 
and ending with the effluent connection for the system. 
All equipment between these two points shall be provided 
as part of the complete design by the system Supplier. 

1.3 WORK INCLOOED; The work covered by this specification 
includes the furnishing of all equipment, materials, 
carbon and services to comprise a complete Adsorption 
System. 

1.3.1 Two (2) downflow asorbers Including a water 
collection systea and all internals. 

1.3.2 4" influent and effluent piping to the adsorbers 
and interconnecting pipe and valves to allow 
placing either adsorber in the lead position in a 
series arrangement, or allowing both adsorbers to 
be operated in parallel. Valving shall be able 
to isolate any adsorber for carbon exchange 
operations and maintain operation through the 
remaining adsorber. 

6" backwash supply and discharge piping to each 
adsorber, to be combined to single connection at 
Battery Limits. 

1.3.3 2" Granular Activated Carbon discharge piping 
with valves, flush lines and hose connections. 
6" X 8" Elliptical handhole on the adsorber top 
for Granular Activated Carbon fill. [OPTION: 4" 
Granular Activated Carbon fill piping with 
valves, flush lines and hose connections]. 

1.3.4 Integral vent and safety relief piping, water 
piping and utility connections. Vent piping 
directed to single point to be connected to 
unrestricted drain. 

1.3.5 6,500 pounds of Granular Activated Carbon, as 
specified. Installed per adsorber if system is to 

'J be backwashed. 

1.3.6 Air distribution piping complete with all related 
appurtenances for properly functioning air system 
(i.e., pressure gauges, check valves, and 
shut-off valves) in order to receive air from a 
compressor and supply it to each adsorber for 
carbon transfers. 

1.3.7 Water spray nossle to wash granular activated 
carbon from the adsorber internals during 
transfer to assure complete spent media removal. 
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1.3.'8 Installation of all equipment items on structural 
steel skid for delivery and insitallation as a 
complete, treatment unit. 

1.3.9 Complete set of technical specifications and 
operating manual. 

1.3.10 Experienced technical assistance as required. 

1.4 WORK NOT INCLUDED: The following work is not covered by 
this specification and is to be the responsibility of 
others.: 

1.4.1 Foundations 

1.4.2 Receipt, off-loading and setting of adsorption 
system 

1.4.3 Influent supply, effluent disposition and utility 
water supply. 

1.4.4 Freeze protection and/or insulation. 

1.4.5 Anchor bolts or templates. 

1.4.6 Air compressor or compressed air supply at proper 
pressure and rate. 

2. BID SUBHITTALS 

2.1 GENERAL.: In order to insure the supply of a Granular. 
Activated Carbon (GAC) Adsorption System that will be 
fully effective in meeting effluent requirements, 
potential suppliers of the Adsorption System shall 
provide the following Information with the bid. These 
submittals shall show the ability to design and supply a 
GAC Adsorption System in a timely unner, supply GAC 
media when required, provide safe and legal removal of 
spent GAC when required and provide on-going technical 
support. 

2.2 ERPERIENCS QUALIFICATIONS; The potential system supplier 
shall submit the following information for four (4) 
existing adsorption systems which demonstrate the ability 
to design and supply an effective GAC Adsorption System 
and meet the qualifications noted above. 

2.2.1 Provide Adsorption System description including 
flow, contact time, system design (flow diagrams 
or general arrangement), adsorber sizing. 
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2.2.2 Provide pirocess design Inforaatlon Including 
contaminants, system performance (operating 
results, actual contaminant Influents and 
effluents), effluent water usage, GAC usage rates 

2.2.3 Provide references for each of the systems 
described. 

2.3 GAC ADSORPTION SYSTEM DESIGN; The potential Adsorption 
System supplier shall submit the following Information 
with the proposal, utilizing catalog cuts, standard 
designs or recent designs on file, for GAC adsorption 
systems of similar size or adaptable to this size using a 
minimum number of multiple units. 

2.3.1 Provide adsorber vessel design drawings, shoving 
ASHE code requirements. 

2.3.2 Provide underdraln design showing ability to 
remove water across GAC cross-section for 
effective use of (SAC contained in unit. 

2.3.3 Provide Adsorption System flow diagram utilizing 
adsorbers In Item 2.3.1, showing actual flow 
rates to be treated for this site. 

2.3.4 Provide Adsorption System general arrangement for 
this site, showing space utilized. Influent and 
effluent locations. 

2.3.5 Provide operating weight of Adsorption System for 
this site, so that coi^lned with information in 
Item 2.3.4, foundation design can be prepared. 

2.4 GAC ADSORPTION SYSTEM PROCESS PESIGNi; The potential 
supplier shall submit the following information with the 
proposal to exhibit capability to assume total process 
design capability for the Adsorption System. 

2.4.1 Provide pressure drop information across system 
as designed (Section 2.3.3} to enable proper feed 
pump design. 

2.A.2 Provide interpretation of carbon adsorption 
isotherms to show ability of GAC to remove 
contaminants and fix dynamic test parameters. 
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2.4.3 Provide capability to obtain a dynaaic pilot 
siaulation o£ field perfocaance of the proposed 
system. This dynaaic pilot siaulation is a 
coluaui study conducted on actual water froa the 
treatment site. The column study will simulate 
the contact time to be encountered in the 
full-scale treatment operation and identify the 
carbon utilization rate in a siaulation of up to 
one year's field performance. 

2.4.4 Provide analytical procedures used to support 
Items 2.4.2 and 2.4.3. 

2.5 GAC SUPPLY; The potential Adsorption System supplier 
shall demonstrate ability to supply acceptable GAC media, 
and, therefore, provide the following information with 
the proposal: 

2.5.1 Supply specifications of GAC to be utilized in 
system. Show that this GAC is in all respects 
equivalent to that used in testing (Section 2.4). 
Provide recent lot analysis that exhibit that GAC 
supplier is providing media according to 
published specifications. 

2.5.2 Demonstrate ability to supply complete GAC fill 
in a timely manner upon systea completion or 
notification by client. Demonstrate that 
inventory of GAC proposed is adequate to aeet the 
initial fill requirements in a timely manner. 

2.5.3 Demonstrate ability to transport GAC to site in a 
reasonable time frame and transfer into adsorbers 
in a safe and timely manner. 

2.6 GAC R^CTIVATIOW: The potential Adsorption System 
supplier shall demonstrate ability to handle the spent 
activated carbon by non-destructive reactivation so that 
spent GAC can be removed from the site and handled in an 
environmentally safe and legally approved manner. 
Landfill of spent GAC shall not be an approved manner of 
GAC disposition. The following information shall be 
required of reactivation capability and submitted with 
the proposal. 

2.6.1 Provide reactivation testing procedures showing 
that the spent (;AC will be received at the 
facility and reactivated in an environmentally 
safe manner. . 
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2.6.2 Identify spent GAG transportation equipment 
showing transport of spent GAG in enclosed, DOT 
approved equipment. Provide transportation 
equipment drawings and necessary permits to 
transport hazardous waste. 

2.6.3 Demonstrate ability to transpoxt and receive RCRA 
manifested material. Provide facility RCRA 
identification nusibers. 

2.6.4 The adsorption system supplier or provider of 
reactivation services ("contractor'*) shall, to 
the extent of its negligence, indemnify and hold 
harmless the owner for any liability that may 
arise after the spent carbon is loaded into 
contractor's trailers and signed for by 
contractor at the o%mer's facility, provided that 
the spent carbon contains no PCS, dioxin, DBCP 
or any other compounds that, due to government 
regulation,, may preclude handling the spent 
carbon in a RCRA approved and permitted facility. 
The adsorption system supplier shall provide a 
statement to this effect in the proposal 
submittal. 

2.6.5 The provider of reactivation services 
(reactivation contractor) shall provide a 
certificate of insurance evidencing sudden and 
accidental pollution liability of insurance in 
excess of 2 million dollars at the reactivation 
contractor's reactivation site. 

2.7 PIELD SUPPORT AND OPERATING ASSISTANCE QUALIFICATIONS; 
The potential system supplier shall submit the following 
information exhibiting ability to provide on-going 
support to the client to insure effective operation of 
the Adsorption System for the foreseeable future. 

2.7.1 Provide typical analytical programs to assist 
on-going applications. 

2.7.2 Provide per diem rate for engineering (process) 
support and technical (operations) support. 
Provide organization chart showing technical 
(operations) support groups and resiuses of key 
personnel in Operations and Engineering 
departments. 
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3. POST AWARD SUBMITTALS 

3.1 GENERAL; Opon award of the purchase order, the 
Adsorption Systea supplier shall submit the following 
information in the time and manner specified. 
Information provided by the supplier that is considered 
by the supplier to be confidential in nature must be 
clearly marked and so designated. 

3.2 APPROVAL SUBMITTALt Two weeks after receipt of the order 
the following submittals shall be made: 

3.2.1 Project schedule indicating submittals, equipment 
delivery, installation and start-up.. 

3.2.2 Plow schematic drawing Indicating line sizes, 
valving, utility line sizes and connections. 

3.2.3 Adsorber vessel shop or fabrication drawings.. 

3.3 CONSTRUCTION SUBMITTAL: Two weeks after return of 
approved first submittal to the supplier, the following 
submittals shall be made: 

3.3.1 Equipment arrangement and weights - detailed 
drawing(s) and listing of all required anchor 
bolts and nuts and a dimensional setting plan to 
conform to the requirements of the furnished 
equipment. 

3.3.2 General arrangement plans and elevations 
including detail and location of required 
interface connections to the system to be made by 
others. 

3.3.3 Specifications for all supplied equipment. 

3.3.4 List of recommended spare parts. 

3.4 OPERATING MANUAL SUBMITTAL; Prior to scheduled Start-up, 
the following submittals shall be aude: 

3.4.1 Operating and maintenance aanual incorporating 
all necessary information from previous 
submittals. Operating section shall Include 
complete instruction on unloading spent carbon 
and loading fresh virgin grade carbon, including 
any auxiliary utilities required. 

3.4.2 Names, functional titles, addresses and phone 
nusUsers of technical personnel available for 
on-^oing technical support. 
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3.5 AS-BOILT SUBMITTAL! Four weeks after start-up and final 
system acceptance the following submittals shall'be made: 

3.5.1 Complete set of final drawings and specifications 

4. PROCESS DESCRIPTION 

4.1 CARBON ADSORPTloWt The Adsorption System utilizes 
Granular Activated Carbon (GAC) for efficient removal of 
dissolved organic compounds from water. Adsorption is a 
physical process in which the compounds adhere to the 
surface of the carbon particle. The large surface area 
contained within the internal pore structure of the 
granular carbon particle provide the Carbon Adsorption 
System with a substantial capacity for the organic 
compounds to be removed. The Adsorption System provides 
effective exposure of the contaminated water to a 
quantity of Granular Activated Carbon. 

The Granular Activated Carbon Adsorption System shall 
consist of two (2) process vessels (adsorbers) operated 
in series or parallel. Each adsorber shall contain ten 
thousand pounds (10,0001) of Granular Activated Carbon 
(GAC). [OPTION: 6,500 pounds of GAC ~ backwashable 
system]. Hater shall be conveyed to the Adsorption 
System from the source, enter the adsorbers at the top 
and flow downward through the carbon bed. An internal 
collector system shall be provided to collect the treated 
water and retain the granular media in the bed. In 
series configuration, the effluent from the lead adsorber 
is directed to the second, or polish adsorber. The 
treated water is discharged from the Adsorption System 
through the effluent piping. 

The Adsorption System design shall provide for a contact 
time of ten (10) minutes given a flow of 250 gpm through 
each adsorber vessel, or a total contact time of twenty 
(20) minutes for series operation. The contact time is 
calculated on a "superficial" or "empty bed contact time" 
basis. The pressure drop across the entire Adsorption 
System (wiithin Battery Limits) is estimated to be 20 psig 
during series operation. 

4.2 CARBON EXCHANGE: When the carbon in an adsorber becomes 
saturated with contaminants adsorbed from the water, this 
adsorber shall be taken out of service to replace the 
spent Granular Activated Carbon with fresh Granular 
Activated Carbon. The flow can be diverted to the 
remaining adsorber allowing the treatment system to 
remain in service. The adsorber is pressurized with 
compressed air and the spent carbon is displaced into the 
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transfer tank or receiving trailer. A water spray nozzle 
shall be located at the top of the adsorber to introduce 
water into the adsorber at the end of the transfer 
operation and wash spent granular activated carbon from 
the sides and head's and assure complete media removal. 
Fresh carbon can be transferred to the empty adsorber 
utilizing the top fill manway. 

After the adsorber has been rechargedi the adsorber 
receiving the fresh carbon shall be placed on-line with 
the remaining adsorber. 

Spent carbon transfer shall be able to be accomplished 
hydraulically in slurry form and without human contact, 
in a closed loop piping system, in order to minimize 
environmental exposure. The carbon transfer shall be 
able to be conducted with air pressure as the motive 
force in order to minimize the amount of water utilized 
in the operation. 

Disposal of spent carbon must be performed in an 
environmentally safe manner. If the carbon is 
reactivated, it must be accomplished in a facility 
permitted to accept RCRA manifested uterial. If 
unsuitable for reactivation and reuse, the Carbon 
Adsorption system supplier shall assist the owner in the 
proper disposition. Therefore, a Procedure for 
Qualification of Materials to RCRA permitted TSDF, should 
be made available. 

5. EQUIPMENT DESCRIPTION 

5.1 ADSORBER VESSELS; Adsorbers shall be vertical 
cylindrical pressure vessels with flanged and dished 
heads. The adsorbers shall be designed, constructed and 
stamped in accordance with the ASMS Code, Section VIII 
for a design pressure rating of 75 psig. lOPTlOMAL: 125 
psig] at 150*r. The adsorber shall be equipped with a 
manway located on the adsorber straight side. All nozzle 
connections must be flush on the inside of the shell and 
provided with 150 pound flat face flanges on the outside. 

Adsorbers shall be constructed of carbon steel and shall 
have all welds and any other sharp edges ground smooth, 
and all imperfections such as skip welds, delaminations, 
scabs, slivers and slag eocceeted prior to abrasive 
blasting. All surfaces are to be degreased prior to 
sandblasting. The adsorber internal surface shall be 
blasted to a white metal surface (SSPC-SPS) to provide an 
anchoir pattern in the metal corresponding to 
approximately 20% to 25% of the film thickness of the 
coating. The exterior of the adsorber shall be 
sandblasted to a commercial blast cleaning (SSPC-SP6}. 
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The Interior of the adsorbers shall be lined in order to 
prevent corrosion that will occur when vet activated 
carbon is in contact with carbon steel. This lining 
shall also exhibit abrasion-resistant qualities to 
prevent erosion by novement of the granular media. The 
finished lining shall be a ainiaum 35 ail. dry f.ila 
thickness to insure protection of the steel surface for a 
satisfactory period. A coating shall be used which 
exhibits excellent chemical resistance to a wide range of 
water solutions, and meets requirements of the U.S. 
Federal Register, Food and Drug Regulations Title 21, 
Chapter 1, Paragraph 175.300. 

Following sandblasting of the exterior, a rust inhibitive 
primer shall be applied to a dry film thickness of 3.0 
mil before any rust can form. The finish exterior 
painting using an alJcyd resin based paint for outside 
service must be applied to the exterior of the adsorber 
before rust can form beneath the primer coat. 

5.2 UNOppHAIN COLLECTION SYSTEM: There shall be a 
collection system at or near the bottom of the carbon bed 
to collect treated water across the carbon bed cross 
section. The water velocity profile across the diameter 
of each bed shall be uniform in the downward direction at 
the underdrain location. The collection device(s) shall 
have slots of a determined width to retain the Granular 

Activated Carbon and allow free passage of treated water 
with a minimum of pressure drop. The treated water is 
collected by this system and discharged from the adsorber 
to convey the treated water to the effluent pipe. In no 
case will material foreign to Granular Activated Carbon, 
i.e., sand ot gravel, be installed inside the adsorber to 
assist treated water collection. The underdrain 
collection system shall be constructed of suitable 
corrosion resistant materials such as PVC, Polypropylene 
or Kynar. In no ease shall carbon steel be directly 
exposed to the granular activated carbon media. 

5.3 PIPING WE WORK; A process piping network shall be 
provided for each set of adsorbers that will enable the 
following functions to be performed: 

5.3.1 Treatment - Under normal operation, the full flow 
of up to 350 gpm shall be accepted at the system 
battery limits and directed to the two units 
operating in parallel or to the lead adsorber if 
operating in series. The interconnecting piping 
shall allow for parallel operation or for either 
adsorber to be operated as the lead adsorber in a 
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aeries operation. The effluent fron the two 
units operating in parallel or from the polish 
adsorber (either adsocber) shall be directed to 
the systen battery liaits for a single system 
effluent connection. 

5.3.2 Carbon Exchange - During carbon exchange, the 
adsorber being exchanged shall be isolated 
completely from the treatment process with 
waiving on influent and effluent lines. The 
process flow shall then either be reduced by SOt 
if operation is in parallel, or directed solely 
to the polish adsorber (to be lead adsorber after 
carbon exchange) in a series operation. 

5.3.3 Adsorber Backwash - The adsorption system piping 
shall enable the unit to be backwashed should an 
unacceptable pressure drop develop across the 
carbon bed due to introduction of filterable 
solids to the system. In case of backwash, the 
adsorber being backwashed shall be isolated from 
the process flow, as during the carbon exchange 
procedure. Carbon treated water at a rate of 550 
gpm shall be introduced to the underdrain 
collection system, and, upon the top of the 
adsorber, be directed to a single connection 
point for all backwash connections at the system 
battery limits. NOTE: If units are to be 
backwashed, each adsorber shall contain only 
6,500 pounds of Granular Activated Carbon]. 

5.4 PROCESS/UTILITY PIPING: The process and utility piping 
on the Adsorption System shall include influent water to 
the system and treated water (4"), adsorber vent lines, 
(3" normal, 6** with backwash) and Granular Activated 
Carbon discharge piping (2"). The process or 
influent/treated water piping shall be installed such 
that the adsorbers can be operated in parallel or. series. 
Each adsorber shall have independent vent, and carbon 
discharge lines. The design of the piping system is 
meant to treat water equal to or less than pB 7, or 
otherwise not corrosive to carbon steel material. 

With the exception of GAC discharge piping, all piping 
shall be carbon steel piping, constructed of ASTN A53, 
Grade B carbon steel rated for ISO psig at 500*F. For 
1%* or smaller, pipe shall be threaded. Schedule 80 pipe, 
and for 2" and larger, pipe shall be plain end. Schedule 
40 Pipe. 
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Carbon discharge piping to and including the shut-off 
valve and fittings shall be polypropylene lined steel per 
Dow chemical Company's HORAF PPL brand, rated at 150 psig 
to 22'5*f. Piping shall be Schedule 4.0, ASTH A53 steel 
pipe with 12'5 pound ASTH A126, Class A cast iron flanges 
and fittings. 

Compressed air and wash (spray) water piping (I's") shall 
be threaded. Schedule 40 galvanized carbon steel pipe per 
ASTH A120, rated for 125 psig at 350*F for air service. 
Air supply to the carbon adsorption system shall be via a 
single point connection. 

The exterior of the piping shall be cleaned to a power 
tool grade (mechanical grade) finish and a rust 
inhibitive alkyd metal primer shall be applied before any 
rust can form. A finish exterior painting of an alkyd 
resin based paint for outside service must be applied to 
the exterior of the piping before rust can form beneath 
the primer coat. 

5.5 PROCESS/UTILITY VALVES! The process and utility piping, 
excluding GAG fill and discharge piping shall be equipped 
with butterfly valves for flow control purposes. 
Butterfly valves to be cast iron, one piece wafer type 
body with aluminum-bronze disc and stainless steel one 
piece through shaft to mate with 150 pound ANSI flanges. 
Valve to be rated for 200 psig in closed position at 
212*F, and to meet or exceed all of the design strength, 
testing and performance requirements of AWWA 
Specification C-504-70. 

Valves on the GAC discharge pipe shall be full port. 
Type- 316 stainless steel ball valves with TFE seats and 
seals, wrench operated, with 150 lb. ANSI flanged ends. 

Valving for the compressed air supply shall be bronze or 
forge brass or barstoek brass body regular port ball 
valves, rated for 500 psig at 100*F. 

5.6 ADTOHATIC S^HON BREAK.i The effluent from the Adsorption 
System shall be equipped with an automatic vacuum breaker 
to prevent draining of the Adsorption System and maintain 
the water level in the adsorbers above the carbon bed 
should influent flow be stopped. 

5.7 TRANSFER HOSE CONNECTORSi The Granular Activated Carbon 
piping shall be fitted with hose connectors, such that 
carbon transfer from the adsorbers can be facilitated 
with transfer hoses. These connectors shall be 2" Quick 
Disconnector Adapters constructed of corrosion resistant 
material as manufactured by OPW Division of Dover 
Corporation as Xamlok Part No. 633-F or equal. 
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5.8 FLUSH CONNECTIONS;. Two flush connections shall be 
provided on each GAG discharge line> one upstream, and one 
downstream of the valve. Connections shall be welded 
into steel pipe or supplied in solid polypropylene 
"spacers" for lined pipe. Flush connections shall 
consist of a short section of 3/4" pipe, and a 3/4" full 
port ball valve and 3/4" quick disconnect adapter to 
match with water hose. 

5.9 PRESSURE RELIEF; A pressure relief device shall be 
provided, with relief capacity as required by ASHE Code 
and hydraulic system analysis. Relief venting shall be 
integral to Adsorption System piping and directed to a 
common collection point. 

5.10 PRESSURE GAUGESt The process piping shall be equipped 
with pressure gauges to indicate the pressure of water 
entering and exiting each adsorber to provide information 
on pressure drops across each adsorber and the system. 
The pressure indicating gauge shall be 4i]: (face diameter 
size) with a stainless steel bourdon tube in a glycerin 
filled housing. The gauge shall read O-IO'O psig with an 
accuracy of 1% of full range, and shall be a Weksler 
AA44F - liquid fill or equal. 

5.11 STRUCTURAL STEEL SUPPORT SKID; Each adsorber shall be 
contained on a single structural steel skid. All steel 
contained in the skid shall be grade A36 carbon steel. 
The skid shall consist of two outside channels (HC 12 x 
50) with slotted holes in the bottom flange for anchor 
bolt installation, with all necessary cross bracing. The 
skid shall also include a superstructure consisting of 
vertical channels (C 8 x 11.5) and horizontal channels (C 
12 X 2'5) for lifting of the entire unit and pipe support. 
An operating area shall be provided on the skid including 
safety plate (at top elevation of outside channels) and 
location on the superstructure for attachment of pressure 
gauges and operating valves. 

All structural steel shall be cleaned to a power tool 
grade (mechanical grade) and a rust inbibitive alkyd 
metal primer shall be applied before any rust can form. 
A finish exterior painting of an alkyd resin based paint 
for outside service must be applied to the exterior of 
the piping before rust can form beneath the primer coat. 

All equipment items shall be installed on the structural 
steel skid and secured for shipment. Minor field 
connections shall be clearly noted, with any extra 
materials secured to, and shipped with the skid system. 
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6. GRANOLAR ACTIVATED CARBON DESCRIPTION 

6.1 GENERAL; Ten thousand (6,500) pounds of Granular 
Activated Carbon shall be provided and installed within 
each adsorber vessel. 

7. SERVICES 

7.1 START-UP ASSISTANCE; The systen supplier shall be able 
to provide the services of a field engineer who will be 
responsible for inspection of the adsorption sysitem, 
neehanieal trouble-shooting, systen start-up and operator 
training. 

8. WARRANTIES 

8.1 GENERAL: Equipment Warranties - Contractor will warrant 
the systen to be free from defects in naterials and 
workmanship for a period of 1 year from delivery of 
equipment. 
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APPENDIX D 

ATTACHMENT.2 

ACTIVATED CARBON COLUMN SYSTEM 

(GMG ASSOCIATES/TIGG) 



GMG ASSOCIATES 

PROPOSAL FOR; Remediation Technologies., Inc. DATE: October 30, 1989 
3040 William Pitt Way 
Pittsburgh, PA 15238 PROPOSAL NO: 89-0101 

Attn: Dr. John R. Smith 

GMG Associates is please to provide a quotation for a modular carbon 
adsorption system consisting of two (2) adsorbers containing 5,000 lbs 
of carbon each. The adsorbers will be supplied with all necessary 
piping and valving to allow series or parallel operation. 

I-A DESIGN BASIS: 

o 5,000 lbs granular activated carbon/adsorber. Each adsorber 
to be 6'-0" diameter x 10*-0" straight side. A 5 foot 
freeboard for backwashing is provided. 

o ASME pressure vessels, coded for 100 psig 

0 Carbon steel construction (ASTM A516, Grade 70), with interior 
lining (15-20 mils) of Plasite #7122 AR epoxy-phenolic. 
Exterior painted with Sherwin Williams Tri-Clad II epoxy-
enamel. 

o ASME flanged and dished top head; ASME toriconical (120 
degree) bottom head>. 

o Effluent collection system consisting of eight (8) 
collector nozzles discharging Into a 30" diameter stainless 
steel Type 304 flanged and dished head. 

o Design flow rate - 150 gpm. Influent and effluent flanged 
nozzles to be 4" diameter. Carbon inlet/discharge nozzles to 
be 4" diameter. 18" x 22" elliptical manway and two (2) 1" 
npt fittings for level Indicators. Nozzles to be stainless 
steel with cbn. stl. lap joint flanges 

o Piping to be carbon steel. Schedule 40, with butterfly valves 
(lever operated). 

o Both adsorbers to mount to a structural steel frame which will 
be equipped with all piping and instrumentation.. Framework to 
be painted with Sherwin Williams Tri-Clad II epoxy enamel. 

2501. CHELSEA ROW. MURRYSVILLE, PA 15668 
OFFICE: (412) 325-3462 FAX: (412) 327-9692 
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WKTOX 0 MODULAR ACTIVATED CARBON ADSORBERS 
FOR AIR POLLUTION CONTROL, 
PROCESS GASES 

Cost eftective, praengineerod units for 
permanent and disposable adsorber needs. 

• Soil Vontlngi 
• Tank/Saparator Vanis 
• Air Exhausts 
• Vacuum Pump Exhausts 
• Drumming Stations 
• Sawaga Odors 
• Air SInppar Discharges 

NIXTOX Disposable/Refillable Models to 1500 CFM 
NSO. 100 A 100XP, ISO, 250; N5000B, 750OB, 1500DB. 

Economical daap bed units may be relllled or discarded with spent 
adsorbent Model numbers designate maximum How in CFM. All fea
ture TIIGG's patented'vapor distnbutors to permit fijll adsorbent utiliza
tion and peak removal'efficiency, at low pressure drop and low oper
ating coat (for example. N100..S5 gallon, contains 40% more adsorbent 
than competitive models with gravel bed supports, giving NIOG Im
proved perfbrmance and service life, half the flow resistance and lower 
snipping weight), flam shields and condensate drains are standard. 
Saturabon Indicator option shows when the unit Is 
about 70% exhausted; minimizing test expense, 
excess inventory, and noncompliance concerns. 
Standard construction is corrosion resistant steel 
with stainless distributor. N100XP is built of cross-
linked polyethylene for extraordinarily corrosive 
duty. O.O.T. Speciflcation 34. N100 Is a O.O.T. SB 
hazardous waste container. 

NSMISOOOS 

unmngm- N1WXP moa 
IMMU Nisa N2» (Ran UNO OB 

Smalw NSS aw lagw NrSOOB. NlHO OS 

NIXTOX Radial Row Modois to 8000 CFM 
N500, 1000: 1500, 3000, larger segmented models 

This popular design treats large flows at very low pressure drop and 
small spaca requirements. Flow is from a central stainless screened 
distnbutor. outward through adsorbent, exhausting through side 
stainless screened ports to atmosphere or Into cabinets at nght.;Flow 
may be reversed as preferred. Units In this series are normally re
charged, with arrangements of disposable units used if adsorbent 
and'vessel are to be discarded together. Condensete drains are stan
dard; saturation indicators are available options. Construction Is 
corrosion resistant steel, with 
stainless steel available on special 
order. N3000 is the largest stan
dard unit, with special segmented 
versions of the design available 
for larger flows as ordered: 

Prom n imn Nam Niom Nsom 
Nism win OMI 

<> 

• 
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NIXTOX BOXSORBER™ Models to 4000 CFM 
Boxsorbar SaB, 8x8 

Newest of the NIXTOX series. BOXSOflBER (Patent Applied) faclll-
tatas rapid response to spills and other heavy adsorption worttloads. 
Standard units are cubic, six or eight feet on a side, suitable for flows 
to 2200 and aooO'CFM respecbvely. The unique design adapts well to 
trailer mounting; or permanent installation on lag assemblies sup-
pliediby TIGG. The dlagonal>adsortoent bad allows complete removal 
of spent material by gravity, with-provisions for collection In drums 
or larger containers. Top hatches permit adding fresh adsorbent by 

I I I r ^ gravity or alrveying equlpmanc BOX-
N SOflBBR features a proprletaiy Inletf 

^s outlet baffle design to produce even 
flow dlstnbuHan over vanad flow- rates, 
at minimal flow rasistanea Units may be 
operated upHow or downflow. singly or 
Im senes, with air-lnlet/outletiprovlsions 
at front, back or afeilher end. Conden
sate drains, pressure relief disc lifting 
and tie-down lugs and Inspection 

hatches are standard. Construction is eatslyzed high solids apoxy 
coated steal with stainless steel adsorbent screens. All-stainless units 
are available on special order. 
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Accumulator Cabinets 
To collect flow from radial units at lett. 
for direction to exhaust stack, down
stream processing or recycle. Roller 
conveyors (except N3000. which re
quires forkllft) assist in adsorber place
ment. Cabinets include gasxeted door 
adsorber retainer chain, pressure.reiief 
disc inlat/outlet stacks, flex connect
ion for adsorber inlet, and condensate 
dram. Construction is steel finished 
with catalyzed high solids epoxy. 

Casinm tor NSSa Kit 
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CAN MODULAR ACTIVATED CARBON 
ADSORBERS FOR WATER POLLUTION 
CONTROL PROCESS LIQUIDS 

The wide selection of activated carbon CANSORBs is also supplied 
with activated aluminas, molecular sieves and ion exchange resins 
as purification needs require. 

w CMSma moan 

w"- . Vsi 

m 
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• Watte Minimizatton 
• Aquifer Ramediatten 
• Laboratory Waataa 
• Proeaas Straama/Soivanta 
• Spill Control 
• Protect IX RO Unita 
• Waata Watar/Waah Water 
• Radioactive Waato Water 
• Pump Teata 

Dfsposable/Reflllabie CANSORB Models to 200 GPM 
cx IS a 1SXP, 20. 2S, 3S, so, loa 2oa 
Modal numbers give maximum design GPM (or water and other low viacoatiy liquids. Maximum flow 
may be lower tor viscous liquids or to obtain uitraiow impurity levsis through extended adsorbent: 
liquid contact bme. A patented liquid eoiiecaon system promotes even flow distnbution for efficient 
punfication and adsorbent unilzation. at low flow resistance. Constnjction is double epoxy/phenolic 
or high solids epoxy lined steel. The CtSXP vessel is cross-ilniced polyethylene for severely corrosive 
duty. D.O.T. Specification 34. CIS is a O.O.T. SB hazardous waste container. These units are particular
ly uaefui tor collecting hazardous organic and radioactive wastes. 

UR a nqie ironwoiiwi CIS CIS XP; 
iMWMi cast C3S. IRMTI csa 

CI cai Cite M can not HWWL 

Poiyethyiene Uned CANSORB HDS Models to 200 GPM 
C3SH0S. 3SH0S. SOHOS, 7SH0S, lODHOS, 200HOS. 

Designed for pemtanent installation or reuse on successive field jobs. HOS 
units have the flow geometry advantages described above, with extra refilling 
convenience due to separata adsorbent make-up and spent adsorbent dis
charge fittings. Modal numbers refer to maximum water viscosity GPM per 
unit (see contact time comments above). Construction is heavy steei shell 
completely lined with thick HO polyethylene. The separate adsorbent addi
tion fitting and bottom side discharge valve allow refilling without discon
necting liquid piping or removing the bolted flange top. Units Include fork 
ehannela tor handling, whicn double as a self-contained installation skid. 

uii n fignc csoHos. cioeioa CrSHOS. 
C3SH0S CtehOS. CaOMOS iMt pourw. 

wi a new cnasc 

CANSORB SSL Stainless Steel Models to 200 GPM 
C2S88L. 3SSSL. SOSSL, 7SSSL, lOOSSL, 20Q8SL. 
Olahed head and bottom SSL models are constructed of 304 L stainless steel, witti separate ad
sorbent replacement fittinga and liquid collection/flow advantages as descnbed for HOS units 
above. All-weldod construction is suited tor permanent installaliona. transport for repeat use at 
various point sources, or quick-rsaponse trailer mounting. Larger units are provided with acem 
manways. and ail SSL models Include steel skids tor fork tnjck handling and support after in
stallation. Model numbers give maximum design water flow, although operational flow may be 
aubiect to contact time considerations as well. 

•W Awwiiw Pte* Iw 
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LABORATORY, INDUSTRIAL 
AND MEDICAL WORK SPACE 
ADSORBENT AIR FILTERS 

Activated carton, other sorbent filters minimize exposure to: 
Odors • Plastic Monomers • Metal Vapors • Anesthetics • Formaldehyde • Ammonia 

ENVIROSORB LAB SENTRY™ 
Adsorbent Air Filter 
For laboratonas in whicn dedicated fume ventilatton ie not availabto. or 
In which hazardous vapors require control prior to the chemical hood 
system. LAB Sentry" may be placed on counter or bench top, 
under a standard hood, or may be fitted with connections to 
an exhaust duct Construction is of brushed stainless steel, 
with tampered safety plate observation window. The unit 
includes' switch for work light and quiet electronic fan. 
electrical plug and cord, spill tray, filter grille, rinsabfedust 
filter, and activated carbon or other sorbent filter. 

TIgg AOSORBONO™ Bonded 
Activated Carbon RIters 
ENVIROSORB* laboratory and room air filters are available with annnnovative aosorbent system In which the exclusivs AOSOR
BONO" process unites adsorbentipartlcles into a porous panel. The resuit'is a lighter, dustfree filter that eliminates handling spent 
adsorbent; since' the entire panel is fully disposable and combustible lor safety and convenience. Replacement AOSORBONO" 
panels, or steel-framed punched plate panels for loose adsorbent particles, are available from TlOa 

ENVIROSORB OOOR MAGNET™ 
Room/Work Spaca Adsorbent Air Filter 
For spaces in which air fresheners or small 
activated carbon filters are insufffaent. 
Typical applications Include hospital and 
nursing home rooms. Indoor pollution 
common to energy-conserving buildings, 
or areas In which workers are exposed to 
uncomfortable levels of anesthetics, sol
vents. fragrances or similar occupational 
contaminabon. Construction is pebbled 
aluminum with stainless steel top for work 
or shelf surface. Casters provide easy mov^ 
ment'Ovar carpeted floors. A resilient bumper 
avoids damaging walls or fumitursL The unit 
contains dual nnsable dust filtets and aenve 
carbon panels. A umque air pattern produces 
effective air exchange and odor control at 
minimal power and noise level. Included are 
night light electncal ouUat for radlo/TV or 
humidifier, and meostatic conool for varied 
fan speea 
Indusmal 
versions 
may be 

without 
night light 
electncal 
outlet 

-A customer put R best 
ire Ilka opening a wtaidow, 
but without Itw energy loaa^' 

OOOR MAGNET 
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OOOR MAONST 
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SPECIFICATIONS and PROPERTIES 

• TIGG Bfoouen uw no rteyeiaa witenats of aoaofttanw. inMUlnmn/Oparating immicMana sani wilti Men unit 
• Standard adioniants are activaiad eareona. 3M SELECTIve AOSOHPTION on baea paga lor ddiar Mraanta olfarad. 

Unit 

NIXTOXW 
NSQ 
Niao 
N100XP . 
NISO 
N230 
NSOOOB 
N7500B *• 
Niaoooa -
Nsoo 
NIOOO 
NISOO 
NSOOO 
BOMOniarAtf^ r-"-' 
BonorbaraiiBc^-

CANSORB 
CS ---•••^5 
GTS -- . 
ciaxF 
020 
C2S 
035 
osa 
C1C0 
rmt I 

C2SHbs/C2SSSL' 
03SH0S/C3SSSL 
CS0HOS/O50SSL 
073H0»C73SSC. ' 
CnOHOS/CTCOSSL. 

OMlgn Maaln 
CPM (GPM) 

SO* - •' 
100. 
10O 
ISO 
250 
500 

" TSOL 
i5oa -

1000 
1500 
tnnn 

.2aoe-sgS5=s.' 

w 
Olamaiafr 

NPT (Duel) Height incHM »> pounda 
Cantact m 
Sae.(Mln.) 

w 
Pounda 

" 350= "fSSW - . - " 10/39 
.. -350 ^.r:2rMt.~ 2«3S 

TBS . 24/3B 

aamr ,~ 

.. ^.s-.—j-QOff-.tt.. 
I6-) 32/4* 400 
in 32/44 300 

48/72 1500 
p572-cuhM-;-3S2ift2S 

27/40 300 
32/44 400 
57/87 1900 

.200- . X9"^fev.. 

.Oorni-'J^.'^j^asO'.: 
Open 350 
Opan 350 
Open 350 • 

1-F 
1 1/4-F 
1 1/2-F 

' a zxf 
12 185/230 
12 165/230 
12 185/230 

T« r *f/a* iww 

1 1/4-M 
11/rM 
rw iz loarzao Z^M arrpa ouu 

r'^T: .-rtaoo 

»• .'Sifc.-.ioaasDi. -i • .'.awa . .-j: 80OBL_-

(a| Par unit SanM proaaura addittvo on upatrMm unii(al. 
(b) Fnmary adaoroar voaaal. Slacaa or fittinga. promountod lana, akid 

aupporta cnanga overall dimanaiana. 
(CI Superficial at maaimuin How. 

(d) AcUvo carbon bMia. Ottiar adacibana. provwWng. pramountad 
Ibna Will eltanga. 

(a) Available witn nonapammg lana, Mploaian proof motora. 
(0 Aoaorbant normally ahippad to Hit on^to. 

ENVIROSORB CPM Vowa/m Ampa UW/H, InchM Shipping Ibai 

LAB SENTRY 2S 11S/S®60 ai 22/20/15 43 
BENOH SENTRY 43 115/50.80 OS 30/25/20 55 
OOOR MAGNET 125 IIS/SIMO 1.0 18/18/31 48 

20% lower OFM 

at SO HZ. 

STANDARD ACTIVATED CARBONS 
lodino No. Carton Tairaeldarfi 

TVPO ni«i/» mbt Wafglit * min. 
TIGG 50 0410 (NIXTOX) 
TIGG 50 1240 (CANSORB) 
ENVIROSORB 

10S0 
lOOO 
1050 

230 

OS.! 
fOlkiiibt 

4X 10 
12X40 
4X8 

ButtOonally 
lha/ni It appraa. 

31 
27 
31 

FLOW RESISTANCE 
NIXTOX MODELS 

awiMriMibM 

CANSORB MODELS 



Ui . I iUNAL ' V • CCi 

• PREDICTING ADSORPTION PERFORMANCE 
TIGG Corporation's propnatary ADSORPTION PREDICTIVE TECHNIOUE (APT)" computer programs can be very helpful outlining ma 
activated carbon requirements for given air or water punflcatton applications. The programs are derived from expenmental data, but are 
based on fundamental correlative relationships mat link adsorption by carbons of known characteristics tO'mepropertles'Of indlvidual con-
taminants. Thus given a complete and accurate analysis (generalized descnpbons such'as VOC. BOO. or COO are not-useful, but ppm or 
ppb analyses of individual components are)' of the expected impunties in a defined flow, the resulting adsorbent needs can be predicted. 
The resulbng savings in time and test expense may be significant. A modest charge Is made for mis senrice, reimbursable on'purchase of 
TIGG adsorbers. 

• SELECTIVE ADSORPTION 
Activated carbons are very versatile adsorbents, such mat it would be Impractical to list me many thousands of adsorttable organics. In gen
eral. me higher an adsorbate's molecular weight and the lower its vapor pressure or water solubility versus omer components or me carrying 
stream, theimore physical adsorption is enhanced. In addition, chemisorbents have been developed to remove certain problem materials 
mat would omerwise be poony adsorbed; including hydrogen sulfide, lighter mereaptans and amines, ammonia, formaldehyde, mercury 
vapor and some radioactive compounds. TIGG also employs acdvated aluminas.>lon'exchange resins, molecular sieves and omer desiceants 
according to me punflcanon challenge. 

• ACCESSORIES/OPTIONS 
NIXTOX and CANSORB models are available wim fan/motor or pump/motor combinations, rigid or flex prapiping, valves, quick disconnects, 
preflltsn. postfllters, totalizers, rotometers, flame arrestors, temperature and pressure gauges, adsorbents prewetted wim water or omer 
process fluids, specialized adsorbents and chemisorbents. 

• INSTALLATION/OPERATION 
Ail NIXTOX, CANSORB and'ENVlROSORB models include me initial>adsorbent fill and arrive ready for operation. NIXTOX units typically go 
on stream immediately, while CANSORB models are usually liquid backfilled and men put in service. ENVIROSORB models need only be 
unpacked and plugged into an electrical outlet. Detailed Instrucbons are sent wim each unit For NIXTOX and CANSORB, common adsorber 
configurations are; 

SINGLE PARALLEL 

•O' 
TuikMiitado'e 

Uo.^0=" 
FarniglillowriMar 

SERIES 
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• REPLACEMENT/RECHARGING 
Many NIXTOX and CANSORB models may be replaced when permitted by economics of extended service life or for added convenience 
in disposing of wastes. N1(X) and C1S convert to D.O.T. SB hazardous waste containers. NIXTOX and'CANSORB have-no gravel, screens 
or omer loose components to complicate removing spent adsorbent or refilling vessels. Larger NIXTOX and CANSORB units are most con-
veniantly ampded by water/adsorbent slurry or vacuum wand; BOXSORBER by gravity. Make-up adsorbents are available from TIGG. Re-
placament of ENVIROSORB filters is simply a matter of removing the spent filter panel and replacing or refilling it 
Spent adsorbent maybe discarded, added to boiler coal or omenvise Incinerated, or may Justify reactivation if available in sufficient volume. 
The disposal memod may be governed by me nature of adaorbate(s) on ma spent material. 

SPECIAL PROOUCTS/SERVICES 

TIGG can design and fabncata products wim custom-modlflcaiions, to produce privata label or omer unique adsorpUon products and systems. 
TIGG designs have won IR 100 and Pollution EnginaonngTa 5-Star Product Advancement awards. The AOSORBOND banding process creates 
additional innovative adsorption po^ibillttes. If mesa capabillttes might help solve a unique problem or attain your markebng goals, plaase 
wnte or call. 

TIGG CORPORATION 
BOX 11661 

PITTSBURGH, PA 15228 

TELEPHONfi (413) 363-4300 
TELEX; 28S312 1100 PITT (RCA) 
CABLE TlOOCOn PITTSaUROH 
TELEFAX: (412) S83-0198 
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SELECTION CRITERIA FOR GRANULAR ACTlVATgD CAHBQN rGAC^ 

Fofewonl 

Althou^ the term activaced carbon is used genetically, it can refer to dozens of sunilar • but not identical - adsorbents. 
Depending on mr material, method and degree of activation and other faaors, carbons can perform diiferently in various 
applications. TIGG Corporation does not manufacture activated carbons, but has over 30 years of eeperience in carbon 
market development, produa development, research and applications technology. Further, .as the leading manufacturer of 
modular adsorbers, ic.is in TIGG's interest that prospects have a means for assessing the chaiaaeristia of carbon adsorbents 
they maybe considering; so thqr might avoidseiecting an inappropriate type; or so they can acquire a preengineered adsorber 
with the optimum' adsorbent contents. Within constraints of brevity, this commenta^ is designed'to objectively summarize 
key selection aiteria. 

Activated C^ns are a very versatile group of adsorbents, with capability for selectively adsorbing thousands of organic, 
and certain inorganic, materials. From mertidnai uses of powdered carbons in ancient Egypt, through charred interiors of 
whiskey barrels, carbon has been aaivared and used as.an'adsorbent for centuries. Granular vapor phase carbons were first 
widely used in WWI militaiy gas masks and, in the yean between World Wars, commercially in solvent recovery systems. 
Granular liquid phase carbons achieved their first prominent applications following WWH, in sugar decolorization and in 
purification of antibiotics. Today, there are hundreds of applications—if diverse uses under the general heading of 
environmental control are counted separately, ongoing applicadons number in the thousands. 

Adsorption/Adsorfaents/Activated Carfaott 

Since adsorpdon is a comparatively specialized technology, a capsule definition of terms may be helpfuL Adsororion is a 
surface phenomenon, in which molecules of adsorbate are attraaed and held to the surface of an adsorbenr until an 
equilibrium is reached between adsorbed'molecules and those still fireely distributed in .the canying gas-or liquid. While the 
atoms within the structure of the adsorbent are attraaed in all directions relatively equally, the atoms at the surface ezhibit 
an unbalanced atttaciive force which the adsorbate molecules help to satisfy. Admrption can then be understood to occur 
at any surface, wch as window glass or a table top. Theichaiaaenstic which typifies an adsorbent is the presence of a great 
amount of surface area; normally via the wall area of slots, capillaries or pores permeating its structure, in a very small 
volume and unit weight. 

The type of adsorpdon which is dependent primarily on surface attraction, in which faaors such as qetem heat, pressure, 

electronic forces (Van der Waal's forces) responsible for adsorpdon are related to those which cause like molecules to bind 
together, producing the phenomena of eondensadon and surface tension. Conceptually, some prefer the analogy of physical 
adsorpdon beiiig like iron particles attraaed to, and held by, a magnet. Physical adsorpdon is the most commonly applied 
type, but an important sub-classificadon is chenrisororion. Chendsoipdon refers to a chemical reaction between the adsorbate 
andithe adsorbent ga^Sr or often reacdon with a reagent which may be impregnated on the eoensive adsorbent surface (see 
Impregnated Carbons, below). Thus physical adsotpdon/desorptiott retaiiu the chenucal nature of the adsorbate, while 
chemisoqsdon alters iL 

The surface phenomenon of a^rpdon may now be contrasted with.aSporpdon, in which one material ihtetmingles with the 
physical structure of the other; for csomple, phenol disaohring Into fibm of •wll'tlow acetate (absorption) versus being 
adhered Iqr surface atttacdon to the outer la^ of the liben (adsorpdon). 

Activated Carbon faaivated charcoal)iis an adsorbent derived'Crom carbonaceous taw material, in which thermal or chemical 
means have been used to remove most of the volatile nortcarbon constituents and<a portton of the original carbon content, 
yielding a strucnire with high surface area. The resulting carbon structure may be a relatively regular network of carbon 
atoms derived ftom the cellular arrangement of the raw material, or it m^ be an irregular mass of oystallite platelets, but 
in either event the sttucture will'be laced with openings to appear, under electromnicnigraphic magniflcadon, asia spong^e 
structure. The carbon surface la charaaerisrieaHv noiwolar. that is. it is wwrnriaWv eleefealhr neutraL This nonpolariqr gives 
the active carbon surface high afEniiy for comparatively nonpolar adsorbate^ htduding most orgamcs. As an adsorbent; 
activared'carboa inithis respea contrasts with polar adsorbents'such as sillca'^'aad activated alumina. Activated 
carbon will show limited afilnity for water via capillary condensation, but not the sutfiace attractioa for water of a desiecam. 

TIGG CORPORATION 
BOX 11661 

PITTSBURGH, PA 15228 

TELEPHONE: (412) 363^00 
TELEX: 2a9312:(RCA) 
PAX: 412-563-0155 
CABLE TIGQCOR PITTSBURGH 
MANUFACTURING: TIGG SOUTHCENTRAL OPERATIONS 

ROUTE 18 EAST 
HEBER SPRINGS, ARKANSAS 72543 



AaivifY Level 

Acdviqr level koftencxpraswd as coal wifaoB area per unit weight; usuaOjr in square metenipergnni. Thiai aposed 
jwfaoe will' lypicalljr be in the nmge'of 600-1200 ni2/{^ Toward the higher end of thiairange, one mightibetter visualize one 
pound, about a quait in volume, of CAC with a total sniftee area of 1251 

To be useftil in adsmpdon, suifaee area must be present in opeaings large enough to admit the adsoibate molecuIe(s). To 
provide some gririance on this topic; and for qualily control pmposea, the carbon fndusoy has developed addidonal 
standardited vapor and'liquid adsorption'tests, usi^ adsotbates ofvaxyingmolecular size and chemical'aature such as iodine, 
phenol, aetfajplene blue, catbon>tetrachloiide;.benzene and the color in standard blade strap molasses; However acxiviqr level 
is measured, it is moat meaninglttl when considered with additional charaaeristics covered below. 

PereStTuanre 

While opeamgs into the catlMn structure mqr be of variona shapes,.the term 'pore;* implying a cyifaidrical opening; is widely 
used. A desegKion of the minute distances baweeu walls of thesa> pores, normally ecprested as a fiinctian of the total 
surface area or total pore volume presented by pores of various 'diameters,'' is the pore structure curve. The foUowing 
skadies show some sntple pore structure curves and what appwaimate pore shapes are descnbed by the curves; Please note 
thatjthe aveiagepore sh^ depiaed is derived finm>a summadon of poies of various sizes and sha^ Thus no pore within 
the carbon is lik^to have predsely the average shape; but the carbon overall win often peiform as if aO its surface area 
were in pores of that shape; 

Pore Structure Caive Tnuwrationa qf 'Aveptii^ ?m appq 

Total 
Suiihee Area 

or 
Total Pore 
Volume 

10 100 1000 

The smallest 
is helpfiil ht adsorbing 

Pore Diameter, 
Angstrom ̂  millimicron) Unim 

ss make up the micropore stmcmtd and are the 
• molecular weiglu; lower bofliag point oigaide vapors, as 

in energy sitea. Microporosity 
as hi removing.traoe orginics in 

water to nondetectable levels; Larger pore openings make'iiip the niacfepoioaitv. wUeh is uaefU in adsorbing very large 
moiecnles and aggregates of molecules; such as 'eolor bodied* m raw sugar lelntioas. Another important fitnoion of the 
mecropore stmctnre is in asaistmg 'dilBiaion of nuidi to tdmptiott sites i 

Given the above; pore jmcmre ̂  would be effectrvo in adsotUiig Ugh vatadli^ sohmnti; for certain qipes of odor control, 
and in removing ttaco.otgames.ftom water; the latter with the Hability of marginal dtflhsioncharactBiiatia. Fore sGracrures 
atoag the Una of 2 offer a good balance of sdeetxvfty for motecula of vaiioua sios; aUUy to reduoe vaporoos and Uquid 
contamination to uitraiow levels, and good diffiiaion dtatactenstics. Structure 2 wpold ailow geeilnnt diffliaion and can 
accommodatt very largo molecular sizes; but bn liitiB fflfcrapore stnuaie and would have veqr poor retentrnty for most 

Raw Material 

Acttveted carbon caa bo produeed from varioos cntboaaceoua raw each of wUdi wiD impart lypieai qualitia to 
tho Oaished pradhcL Giuinierciai pada are aomnny prepared from coconnt and other nut shetty Wtimrinoiis and Ugnite 
ceaiA petroleem coke; and sawduai; bale and other wDod predBas. In general, ant sheBs aadipeoolenm coka wiD produce 
very hard carbna with a porn sttucture characterized by labova; coals a 2 9po amctnie in compaativaly hard catbena; and 
weoda2smcairaiacazbens!ackiiiggreacnahaadabraaioa'resistaaoe. It should be emphaaised'that^pedfiB production 
tedmiqiia mqr yield carbons chat d^m .from the norm of a ghrea nw maiatiaL 



Apparent Denaity 

Hw solid, or skeletal densiiy of moat activated carbons win range between 2.0-2.1 g./ec., or about 125-130 Ibs./cnbic foot. 
However, this wouldidesoibe a niatetiai with'esiienrially no surface area and no adsotptive capacity. For GAC, a mnch more 
practical densiqr is the apparent density (AJ3.), or mass of a given volume of adsorbent paxtidea. TUs density wiU be 
significantly lower than the solid density, due to the presence of pores within paitides, and void space between pattides. 
In most commerdai GACs, the A.O. vaxiadon is between 0.4-aj g./cc, or between 25-31 Ibs./cttbie foot: 

Since GACs are used in adsorbers of find volume, apparent density values can be used'to cateilare volume activitv. which 
mqr help detennine the woik capacity of an adsorber with alternative caibon For assume that catbon 
A adsorbs iodine to produce a standardized Iodine Number of 1100 mg/g, and has an AD. of OA g/cc Catbon B has an 

(i/g and'an AD. ofO.5 g/cc: Multiplymg the AD. by the weight basis aetmtyvahie^ catbon A has 
a volume iodine capadty of 440 mg/c& while carbon B has a value of 475 nig/cc. Therefore^ carbon B, wfafcfa has lower 
activity, might actu^ do mote woik and therefore have a longer service life than carbon A of an equal volume. H theprica 
of carbon B permitted filling a given adsorberwith the gteaterweight required, it could thus'be the most eeonomicai of these 
adsorbenn on a net cost basis. 

Since standard activity tests are run with oven dried carbon, it win be immediately apparent wl^ high AD. values that reflect 
added moisture win nor produce the benefitillusrrated above. Similariy, high densities due>tosignifiant^ low actxviiy levels, 
or ash or inactive char residue firom reactivation, or any noncarbon adulterants win not normally benefit service Ufe nor the 
adsorbent's c^abiliiy to produce highly purified fiuids. 

The size of most GACs is given by the U.S. Sieve rangerthat wfll include the majority ofthe particles in a distribution of sizes. 
TVpicaOy the range wfil cover 35-95% of the total product, with a few percent sUg^ largm and smaOer sizes permitted by 
spedflcation. A similar approach is occasionally used with Tyier Screen or other screen sizes. PeUetized carbon, although 
not truly granular, often is described by the sieve range method, or by diameter of the peUets. 

Common vapor phase U.S. Sieve size ranges are 4x6,4x8, 4x10,6x16 and 1^0. Liquid phase GACs are usually somewhat 
smaner, with ftCSO, 12JC0, 12X40 and 20bi50 being common. Detailed sieve deso^dons are found in engineering handbooks; 
so oaly a few representative sizes are given here: 

V-S, Sieve f Tvler Screen Eouivalent IQCH Mfflimeter 

4 4 0.187 4.76 
6 6 0.m 3J6 
8 8 0i)94 2J8 

12 10 0.066 1.68 
20 20 0.066 0S4 
30 28 0.023 0J9 
40 35 0.017 0.42 
SO 48 0.012 OJO 

Since hnpn^ removal requites the difRisioa.ofadiorbate into the.ihtraparticle structure; the rate of adsorption will inctease 
as the.partide size decreases. As fluid flows through an adsorber, increased rate of adsorption will requira less adsorbent 
bed dqrth and contaa time for the region in which the adsorbate is being removed. Dtis fiinctionai adsotpdon region is 

fr*"" <» mass-transfer zone. However, with aiqr given fluid, deaeasmgpartldesBBcaixies the 
liabfliiyof.incteaaing flow tesmrancB or pressure drop. In practice, partide sizes'ateseleeted to prorhreea teaaonablB balance 
between the competitive benefits of rapid rate of adsorption and efliactxve removal versus the Ifahiliries of inmmsrd flow 
resistaiice and higfaer'punqring ( 

Hardness and'sbrasibn tesisrance aroigenerai^rbenefidal in all GACs, although'their operational usefiihiess can vary geatly. 
^fithin common adsorber dnigns and operating ranges; all commerdai GACs can withstaad their own we^ and the 
pressure effeos induced by fluid flow. Thus in systems in which the GAC will be used once or'handled'very hifiteqnent^, 
hardness diaracnalsriffl taaf be of little orno iiqport. Conversely, if the catbon wifl be sutrjea to fteqnent JmadSag.^ a 
regeaeraiion st^ is sul^ected to thennal ateutsions by regeneration in place; or must resist aeesawe vilnatidn,.laBtineaa 
may become qntehnporiant. For amniple; fines (dusc) from handling a soft catbon in a qntem uaing thermal reactivation 
may double or treble the losses in the reactivation fiimace itself. In solvent reuwety systems nang sieaiiiing cydes for 
regeneration, carbons that fracture easily can frequently raise pressure drop enough to requite that the adsorbent be 
rescreened and r^lenished, or replaced. 

In evafaiating hardness numbers, it should be remembered that the GAC hardness test has no relation to the hardness scales 
used forplssics,ffletaisior minerals. Acaxbonof98 hardness isappredablyharderthanone'ofSO; but even hardermatetials 
such as diamond, steel and copper, even though th^ dilfer in actual hardn^ will'all'repon as 100 ott'the basis of the GAC 
hardness test. 



If part of checarbon raw material, ash generally variesibetween 2-20 weight percent in>commercial GACs. A porticn of total 
ash may be water soluble, normally a greater amount add soluble, and the remainder deeper within the skeletal structure 
of .the carbonito beeffecovely insoluble. Ash from wood and nut shell carbons>tends to be rich in alkaline metals, wfailethat 
firom' coal largely oxides of aluminum, silicon and iron. For the limited instances in which traces of soluble or reactrve ash 
are objectionable, GACs prewashed with water or adds are available, nrgra/totihawi nn eertain rawtnarnrinlt may mmfnityi-
the total ash level or particular ash conqwnents. 

Natural ash is normally not detrimental to the adsorption'process, and standard'acttvi^ tests report GAG ofEden^tndudlng 
the weight of the ash. However, in certain regenerated GACs, ash that is a residue of previous uses may block some or all 
of the micropore structure that is vital for removing organics to ultralow levels. Similariy, if ash is due to previous 
impregnation for another use, or due to any other adulterant, the carbon peribrmance may be serious^ compromised. 

BS 
Water extracts of activated carbons are used for reporting pH. Untreated coal base carbons are typically dose to neutrality, 
while nut shell.and wood carbons are more alkaline Most untreated GACs vary.between.pH 6-10, but added adds or alkalis 
may further exrend this range. 

In paring water and aqueous solutions, the pH of the GAC should be contrasted with the preferred'pH of the solution. 
Most organics are best adsorbed Cram slightly acid, pH 5-1, solution. However, the beginning pH of the GAC win not 
influence the pH of the treated solution very long (although adsorbates being removed may alter solution pH). 

Imnregnated Carbons 

High surface area per unit weight or volume can make GAC an effective substrate for dispensing other materials in a 
manageable form. Impregnants may be catalysts, or they might be reactive chemicals added to improve the rate of 
adsorption, selectivity, or capacity for certain adsorbates. Bmmples of the laaer would indude carbons with a faster rate 
of removal for hydro^ sulGde and other add gases, some with capabflky to remove ammonia and lighter amines, and some 
with enhanced capacuy for reduction of mercury vapor. Impnqnated carbons usually retain 7596 or more of the physical 
adsorption capability of the base carbon, so they are often used for combined physical adsorption and chemisorption. 
Whether an impregnated GAC will be cost effective frequent^ d^ends on whether a particular adsorbate is the oiily, or 
primary, removal candidate. 

Reactivation 

As e^lained earlier, carbon activation is fiequently carried out in high temperature furnaces, under mildly mririfring 
conditions. As the name implies, reactivation refers to using a similar process to volatilize and oxidize the adsorbates on 
spent carbons. The term reactivation might be contrasted with regeneration, which refers to steaming or other methods to 
restore a portion of the GAC adsorptive capadiy, although the terms are commonly interefaanged. Reactivation win almost 
always produce measurable changes in pen sciucture, due to aHrftrirwiai oaddative ««iipr»«iig of the carbon sunbee and, 
iirequei^, deposits of residual chars or inorganie materials. In a few cases, reactivated GACs perform better than or as well 
as the virgin material, but in mar^ others there may be a defined loss of comparative eSdenqr or a giadual^ inaeasing loss 
of efficieney. When loss of efficiency is encountered, it is normally most pronounced in the micropore sBucture^ the^ore 
it is most sigiuficant operationally when the last traces of contamination mast be removed. 

Dedicated reactivation, in which a GAC will be segregated and returned tO'the same use^ tends.to be moreipredlctable than 
employing a reactivated GAC firam a different previous use, or a mBture of reactivated GACs ftom a varieqr of previous 
uses. However, dedicated reactrvation is impracticai for spent GAC quantities under several' tons. The cost effecthreness 
of reactivated versus virgin carbons can be understood to vary with the petfotmance requiremenis, the comparative volume 
service life, and the volume cost of the material (cost per unit weight may be as reactivated carbons ftequently 
have higher apparent densities). Given the po^le variations in reactivated carbons, it will also be nndetsnod that a 
reputable supplier should always specify if virgin or reactivated GAC is being offered. 

Quaiftv 

GAC quality and uniformity win fundamentally relato to characteristics .htvolvhi; (1) adsorption capaciqr and (2) a plqfaical 
description of the product. The activated carbon industry, often in cooperation with A.S.TM. and other standards 
organizations, has developed a series of tests that measure these charactetisdcs. As would be eqmcted, such tests can be 
used both as production controls and, as published iperiflcationa, assurance for protective buyers. 

Not afl GAC manufhcturers and distributors, publish adsorption Among those rhw adhere to specifleatioiia^ 
the same piecue group of tests may not be used. However, some correlation of values is usual^ possible as, for ommple^ 
between the vapor phase carbon tetrachloride test used in the U.S. and .the benzene and acetone tests more common in 
Europe and the Far East. 



Among physical tests, the methods to detertnine moisture, apparent density and partide'soe or distiibutioa.are relatively 
standard among manufacturers. Hardness or abrasion values require some interpretation or conelation, as above. 

Tenns such as "high quality; excellent adsorption chataaeiistics; hard; dense; etc* are inadequate substitutes for 
qwdfications. They offer no guidance for comparison, no assurance of quality, and no confidence of unifonniqr. 

fryiictipg fCTfoTmince 

Many prospective GAC users willibe comridering applications that are uniqueito.some osenL Perhaps the nut of impurities 
is'unusual, or tho'^stem conditions or performance required may be new. The uncertainty of these situations<has historical^ 
been resolved<by testing. More recently, vapor and liq^ computer-assiated corxeiaiive teehniquesihave'been developed for 
use when urgency, lade of test fluids, or costs make tests impraaical; or to help test protocols that will yield the most 
useful infonnaiion. A description of TIGG Corporation's Adsorption Predictive Technique (APT™) conqmter setvice is 
available on requesL 

Experimental GAC tests indude adsorption isotherms and column Isotherms ate batch tests which require careful 
evaluation before eventual GAC performance in continuous adsorben may be predicted. Column tests may vary from 
laboratory benchito pilot or semi-commercial scale. Sometsnes results of such'tests are.teamedtreatabiliiy studies,* andmaiy 
useful results have been published. 'Unfortunatety,.some published data do not desoibe the methodology or adsotbents'used; 
others employ test methods or data interpretations that are Therefore the Uterature can be a tisiqr basis for 
determining GAC effldency, although tests performed and interpreted proper^ are qnite dependable. Major GAC 
manufacturers, as well as Bxnu such as TTGG Corporation which specialize in GAC equipment, can recommend test 
procedures and may have small scale adsorbers available. 

A very important evaluation caveat is that difTerent GACs have differing efficiencies for different applications. Thus a test, 
literature search or computer projection based on a particular GAC will not necessarily describe the performance to be 
anticipated from another GAC. 

Price 

Readers win appreoate that, while not to be'ignored, GAC priee'is rarely the leading fhaor in seieoing an adsorbent. GACs 
of diverse efficiencies, qualities, sources and prices are in the marketplace. Price per pound or per cubic foot should be 
imerpreted in terms of ess effectiveneas. Cost effectiveness, in turn, may relatebothito the GAC andithe adsorber in which 
it will be applied, since even the optimum GAC wiU not overcome.a deficient adsorber design. We hope that some of the 
commentary in this guide will assist in selection of the most cost effective adsorbent. 

gAg Sfflwipn 

Individual appUcarions may entail many questions that cannot be anticipated in.a brief diedclist The following generalized 
poina are pettinent to almost any application, and might at least provide a point of departure for mote focused inquiry. 

L Is there a complete and accurate description of the application? 
2. Wai GAC adsorption work in the application? 
3. Arqr tests or knowledgeable performance projeoions of GAC effideney? 
4. Arqr guidance on the most effident among alternative GACs? 
5. Does candidate GAC have standard pnblished yedficadons, prices? 
6. Do spedficadons support fxpmaiion of good p^ormance in the appUcatibn? 
7. If make-up is needed, is GAC source uniform and dependable? 
8. Is GAC vugin or reactivated? If reactivated, what are the characietistia? 
9. How much of apparent dendiy be due to moisture, residue from reactivatioii, 

or low activity? What is volume actrvhy (see Apparent Dendqr}? 
10.GAC be applied in a well adsorber? 

An ovetiidbig frctor in outlining the proper GAC to use^ and predicting expected results, is the'Searest possible definition 
of the application. Eventual perfotmance typically reflects the qualhy of infotmadon used for initial wdmical jiidgmwnn; 
and seleamg a GAC follows this truism. 

Copyright 1988 
TlGGCoi Corporation 



APPENDIX D 

ATTACHMEt^ 3 

UPFLOW FIXED BED SAND FILTER 
WITH CONTINUOUS OPERATION 

(PARKSON CORPORATION DYNASAND FILTER) 
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DynaSand' Filter 
A Unique Concept 

in Sand Filtration... 
The C^aSand* Filter is a continuous back
wash, upflow, deep bed granular media 

niter. The filter media Is continuously cleaned 
1^ recycling the sand Intemally through an air

lift pipe and sand washer. The regenerated sand Is re
distributed (see Cover) on top of the sand bed allow 
ing for a continuous uninterrupted flow of filtrate and 
reject water. 

Feed Is Introduced Into the bottom of the filter, then 
flows upward through a series of riser tubes and Is 
evenly distributed Into the sand bed through the open 
bottom of an inlet distribution hood (A) (Fig. 1). The 
Influent flows upward through the downward moving 
sand bed (B) with the solids being removed The 
clean filtrate exits from the sand bed overflows a weir 
(Q and is discharged from the filter (D). Simulta-
neousty the sand bed along with the accumulated 
solids, is drawn downward into the suction of an air 
lift pipe (see Fig. 2) which is positioned in the center 
of the Alter. A small volume of compressed air is 
Introduced into the bottom ofthealrllft(E). The sand 
dirt and water are transported upward through the 
pipe at a rate of about 200 gpm/f^. The impurities 
are scoured loose from the sand during this violently 
turbulent upward flow. Gpon reaching the top of the 
airlift (F), the dirty slurry spills over into the central 
reject compartment (0. The sand Is retumed to the 
sand bed through the gravity washer/separator (G) 
wfiich allows the fast settling sand to penetrate, but 
not the dirty liquid The washer/separator Is placed 
concentrically around the upper part of the airlift 
and consists of several stages to prevent short circuit 
ing (Pig. 3). By setting the filtrate weir (C) above the 
reject weir (J) a steady stream of clean filtrate flows 
upward countercurrent to the sand through this 
washer section and acts as a liquid barrier that carries away the dirt and reject water (K). 
Since the sand has a higher settling velocity than the dirt particles, it Is not carried out of 
the Alter. The sand Is redistributed by the means of a sand distribution cone (H). The 
sand bed Is continuously cleaned while both a continuous filtrate and a continuous 
reject stream are produced 

•1980 ParkMn Coi|x 
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standard 
Features 
• Epo;^ Painted Carbon Steel or 

FRP Tanks 

• All Stainless & FRP Internals 

• Air Control Panel 

• No Moving Parts 

• Fully Assembled - Reacfy to 
Install Upon Arrival 

• Seismic 2 Design 

• Deep Bed Filtration 

Optional 
IFeatures 
• Access Platforms & Ladders 

• Tank Covers or Screens 

• Seismic 4 Design 

Typical Data 
DSF64? I DSFIOO I DSF-150 I DSF-200 

F 100 
MO'XIO' 

Zi'ST* 1 I5'6"* 
25G-50a 300-900 

i 10-50 
22 
40-

4-10 

la--Z4" 1; 18"-24" 

150 200 
l'X15' I0'X20' 
I5-6-* I5'6-* 
0-1300 600-1800 
15-75 20-100 
32 42 
40" 40" 
6-15 8-20 

ia"-24' 18--24-
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• Brine Filtration 
• Laundry Wastewater 
• Black Liquor Filtration 
• Pregnant Liquor Filtration 
• Cooling Tower Blowdown 
• Various CPl 

Filtration Applications 



• Continuous Operation 
No need to shut down filters for backwash cycles. 

• Elimination of Auxlllaiy Equipment 
There Is no need for backwash tanks, pumps, 
valves, instrumentation, etc 

• Simplicity 
• No moving parts - no operator attention required. 
• High Solids Capability 

Can handle up to800ppm solids In the Infiuent for 
some applications. 

• Low Pressure Drop 
Less than 24" pressure drop - ea^to gravity feed 

• Low Power Consumption 
Gravity feed or low pressure feed pump and small 
air compressor are all that is required 

• Single Media 
No need for internal screens, grids, underdrains, etc 

• Continuously Cleaned Sand Bed • - -
No mudball foimatioa 

• No need for Continuous Chiorination , ^ 
• Improved surface loading rates where tile loading 

rates are limited by solids capacity. 
• No requirement for flow control valves or qiiitter 

box arrangements. V v!' "r-L J-.":,.:, 



Combin^ion 
Lamella* Gravity 
Settlers/llilckeners 
& DynaSand* Filters 
The DynaSand Riter can readily be used as a polish
ing filter following the Parkson Lamella Gravity 
Settler/Thickener. The system is designed such that 
the feed is pumped to the LGS/T. The overflow from 
the LGS/T is gravity fed to the DynaSand Rlter. The 
filtrate can then be gravity fed as a direct discharge 
stream or for reuse purposes. The reject stream is 
gravity fed back to the holding sump upstream of 
LGS/T. Thus the entire flash-mixing, flocculation. 
clarification and filtration process can be accom
plished on an uninterrupt^ no operator attention 
basis using only one feed pump. 
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PARKSON CORPORATION 

2727 N.W. 62nd Street 
P.O. Box 408399 
Fort Lauderdale, Rorida 33340-8399 
Phone: (305) 974-6610 

A Subsidlaiy of A Johnson & Ca. inc 

Multiple units can be installed and still 
maintain system simplicity (top 
photo). The pressure drop across 
the sand bed insures an even feed to 
each filter without the need for 
splitter boxes. A header pipe with the 
appropriate number of Te^ Connec
tions is all that is required. 

For large flow applications, our con
crete basin design consisting of 
multiple cells is available Cells can 
be custom arranged to fit individual 
plant configuration& The concrete 
designs are particularly well suited 
for large flow surface water and 
tertiary filtration applications (bottom 
photo). 

Mequlpmtntdescrtbeciln this brochure l3 protected by 
patents, and additional patents may be perKHng. 

Other Parkson Products 
Aqaa Qaard"' Sciean- a self 
cleaning bar/fliter screen 
Roto-Qnard"' SCTMB - a fine 
screening system for waste water 
Lamella* Gravity Settler/ 
lUckeBer - a compact inclined 
plate separator 
OByCharger™ Static Aerator - for 
energyfiree aeration 
Nagnom* Press - continuous 
belt press 
IVyaa* nevA-Tabe* - fine 
bubble diffuser 
iBdoatrlal Rlter ClothlBg - for 
belt fliter presses 

Bulletin DS-301 lOM-12/85 



La3T3«33a' Gravtty 

& DynaSan^' Fiitars 
Tr.i -yraSarc Riter car readiiy be used as a relish
ing .".iter fclicw-ing tne Paf.<3cn Lamella Gravity 
Server Thicxe.'-.e.'. The syste.m is eesigr.ed sucn that 
Lhe -aed is pumped to tne LGS/'T. Tne overflow from 
the _GS/T is cra'/ity red to the DynaSand Filter. Tne 
fiitate can then be gravir/ fed as a dlrec: discharge 
strea.r. or for reuse purposes. Tne rejec: stream is 
gra'.rr/ fed bac.< to tr.e hoicir.g su.mp upstream of 
ICS 7. Thus d'.e entire flasn-mixing, fiocculancn. 
c;a."nc3t:cn arc filtracon process can be accom-
piis.-ec OP. an uninterructed. no ope.'-ator attention 
bas 5 using only one feed pum.c. 
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PARKSON CORPORATION 

2727 M.W. 62nd Street 
P.O. Box 408399 
Pert Laude.'-dale Rcrida 33340-8399 
Phone: (305) 974-6610 

A Subsidiary of A, Johnson & Ca. (nc 
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Multiple units can be Installed and still 
maintain system simplicity (top 
photo). The pressure drop across 
the sand bed insures an even Feed to 
each filter without the need for 
splitter boxes. A header pipe with the 
appropriate number of Teed Connec
tions is ail that Is required. 

For large flow applications, our con
crete basin design consisting of 
multiple ceils is available Ceils can 
be custom arranged to fit Individual 
plant configurations. The concrete 
designs are partictilariy well suited 
for large flow surface water and 
tertiary filtration applications (bottom 
photo). 

Indtfitoaduma/mMsedAy 
ptuna may bt ptnOn^ 

Other Pvkson Products 
Aqam Goaid" Scz««a- a self 
deaning bar/filter screen 
Rato-^Saard" Soeen - a One 
screening system for waste water 
Lemelle* Gnvttj Settler/ 
TUcheaer - a compact indbied 
plate separator 
OsTdttrgor" Static Aerator- for 
energyftee aeration 
MagBmB* Press - continuous 
bait press 
Wyss* Fle»A<TaiM* - line 
bubble difluser 
hulosttjal Filter j - far 
belt filter presses 

Bufledn OS-301 IOA^IZ'85 
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ATTACHMENT 4 

LIST OF PARKSON DYNASAND FILTER 
INSTALLATIONS 
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Hvna^anH f If fir 
EUROPEAN REFERENCE LIST 

-b — • 

ilmpany/Location Size Application 

I'lAiiebo Bruiks A6 
;|niiebo Bruk, Sweden 

11 £t2 Galvanizing Waste 

^Innebo Bruks AB 
linnebo Bruk, Sweden 

11 ft^ Galvanizing Waste 

:|stre Royse STP 
Jsrway 

22 ft2 Primary Clarifier Overflow 

isrgshamra, Korrtalje 
•ieden 

1 

(4) 16 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

{Isslingen Resort 
Sweden 

22 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

ifedish Steel Company 
^SAB, Oxelosund, Sweden 

1 

(12) 32 ft2 Continuous Caster 
Scale Pit Filtration 

Lnhorna Municipality 
^pdertalje, Sweden 

U 

(4) 16 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

Papierfabrik Friesland 
i 
1 

11 ft2 Paper Industry 
White Water 

tjosa Project 
"fyggve Blind A/S, Norway 

16 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

F|F Steel 
•efors, Sweden 

(20) 32 ft2 Steel Industry 
Mill Scale and Oil 

PBrkSOfl CORPOflAt 
1? 0. 6CX 24407 • FT. LAUDERDALE. FLC: " - • • • ,305; 

300'a9tid . , E>N.Ii3XayW . ac.-oj.ea, 



isany/Location 

ges 
i&eraSt Sweden 

Size Application 

16 ft2 Copper and Brass 
Mill Scale 

4-Geigy 
uftsbuttel, Germany 

(2) 22 £t2 Chemical Waste 

rsta AB 
ilhyttan, Sweden 

(8D 32 £t- Steel Industry 
Mill Scale and Oil 

A1Laval 
Ti nea, Sweden 

16 £t2 Metal Finishing 

of Ulricehamn (4) 32 £t^ Phosphorus Removal 
Polishing 

ekta Steel 
e^en 

•I 

J a 

(6) 32 ft2 Continuous Caster 
Scale Pit Filtration 



BIS8NUS8, INC. 
0.'.0E COURTHOUSE BLDQ. 

SUITE 2S0 
CAKTIELO. OHIO 44406 

(£1S) 633-6531 

DYNASAND 
FILTER 

INDUSTRSAL BIOiOGilCAL FILTRATBON 
REFERENCE L&ST 

rALLATION 

yette, IN 

iiii Co. Blokyowa 
C >|jlo Girardeau, MO 

^fF-Wyandotte 
4niar, LA 

Braun/Houstoit Tool Base 
iston, TX 

Wellman 
[ore. OH 

l<OR, litc 
itville. IN 

^borough Ponds 
iton, CT 

Shamrock 
lartown, CA 

Chemical 
ft. IL 

Goodrich 
It. LA 

Goodrich 
City. KY 

in Yard SIP 
Hudson. NY 

275 

624 

1,600 

20 

90 

35 

18 

400 

10 

100 

1,000 

200 

FLOW LOADING NUMBER & 
(GPM) RATE MODEL APPLICATION 

4.3 

3.1 

2.8 

2.8 

5.6 

3.0 

2.6 

3.1 

1.4 

3.2 

5.0 

5.3 

(10 DSF-64 Biological 

(2) DSF-100 Biological Activated Sludge 

(10) OSF-64 Biological 

(1) DSF-7 Biological Activated Sludge 

(1) OSF-16 Biological 

(1) OSF-12 Biological 

(1} DSF-7 Biolbgical 

(2]bSF-64 Biological 

(1) DSF-7 Biological 

(1) DSF-32 Biological Activated Sludge 

(2) DSF-100 Biological & Metal Hydroxide 

(1) DSF-38 Railroad Yard 

i 
2727.\.vv 6?ndStreet .... •. •••.• voJ 
RO: Box 408309. • 
fttt I 

RNU3>iaew H3H9baybd,.woad' . iEtai .ee.. 



MLLATION 
FLOW 
(CPM) 

LOADING NUMBER & 
RATE MODEL APPLICATION 

pnger Co. 
cuk, :IA 

:ott. NY 

F IMkiU, NY 

lie Cement 
IN 

hsanto Research Corp. 
OH 

Departure Hyatt Bearing 
iusky, OH 

p|n|twalt Corporation 

Kline & French 
jeland. PA 

1 Carbide 
ibine, CA 

Foods 
A|il|sboro, DE 

hington Steel 
|ston. PA 

Vlhcy Processing 
CWrgia. VT 

VllKO Chemical 
Pldbiia. PA 

500 

150 

2,400 

125 

10 

150 

208 

65 

150 

20 

350 

403 

75 

425 

450 

5.0 (1) OSF-100 Biological 

2.0 (2) DSF-38 Brological 

6.0 (41DSF-1G0 Biological 

6.6 - (11DSF-19 Biological 

1.4 (11DSF-7 Biological 

4.0 (110SF-38 Chemical/Biological 

5.5 (21 DSF-19 Biological 

2.8 (21DSF-12 Biological 

3.9 (11DSF-38 Biological 

1.3 (11DSF-16 Biological RBC Overflow 

5.5 (11DSF-64 Biological Activated Sludge 

3.1 (21 DSF-64 Biological 

6.3 (11 DSF-12 Biological RBC Overflow 

3.7 (31 DSF-38 P-Removal 

2.25 (21DSF-100 Biological 

iH 

nptn • j 



E'^SNUSS. IMC. ^ . 
Gi:- < ^uamousfi BLDQ. 

SUITE 230 
CA.i" :LD. OHIO 4440S 

633-5531 

DYNASAND 
FLTER 

MUNiaPAL/DOMESTIC WASTES 
BIOLOGICAL HLTRAHON REFERENCE UST 

PACKAGED UNIT INSTALLATIONS 

N L jSTALLATlON FLOW MODEL LOADING RATE 
(GPM/SQ. FT.) 

of Alton STP 
MO 

can Bottoms Regional 

of Apollo Beach 
Beach, FL 

Beach, FL 

> of Boqueron 
I Rko 

of Cayey, Piidco 
Rko 

of Cayey, LaPlata 
: 1 iJoilto, Puerto Rico 

County Utilities 
FL 

Industrial Park 
WV 

Utilities Corp. 
FL 

' of Eminence 
e, MO 

! County Geriatric Centex 
PA 

90B'39Ud 

100 gpzn 

200 gpm 

69S gpm 

210 gpm 

175 gpm 

105 gpm 

ITS gpm 

690 gpm 

35 gpm 

140 gpm 

500 gpm 

100 gpm 

(2) DSF-38 

(6) DSF.64 

(1) DSF-150 

(2) DSF-38 

(1) DSF-38 

(1) DSF-19 

(1) DSF-38 

(1) DSF-ISO 

(1) DSF-12 

(1) DSF-38 

(3) DSF-38 

{1) DSF-19 

2.6 

5.2 

4.6 

2.8 

4.6 

5.5 

4.6 

4.6 

2.9 

3.7 

4.4 

5.3 

2727 \.W. 62.-<j Straet 
r'.O. -WSS-M - . . • 

... 9NIi3>IHHU " RR;qT.RR. J.\ HOr 



»t— 
IN IKLLATION FLOW MODEL LOADING RATE 

(GPM/SQ. FT.) 

ai r ifEvelcth 
|h,MN 

if Tamst City 
Foln it City, AR 

WWTP 
AL 

[water District m 
;.TX 

Gravel Ridge 
Ridge, AR 

of Haxrisburg 
iburg, AR 

Greek Ranch 
Creek, AZ 

j of Kings Grant 
Grant. N7 

! of Kings Grant 
Grant, NJ 

auk Manor WWTP 
auk, XY 

of Milton 
1, DE 

of Mountain View 
itain View, MO 

of Navarre Beach 
kiUTtf Ei-a::;'. Fl, 
I 
I 

K' or .\-."v'T:crT 
IjiV'Pon. Aii 

age C •»i:r,:y 
|iversitv Central Florida 

500 gpm 

1314 gpm 

420 gpm 

800 gpm 

420 gpm 

300 gpm 

35 gpm 

228 gpm 

382 gpm 

1800 gpm 

42 gpm 

245 gpm 

275 gpm 

625 gpm 

1575 gpm 

347 gpm 

(4) DSF-38 

(4) DSF-150 

(1) DSF-100 

(2) DSF-100 

(1) DSF-150 

(1) DSF-100 

(1) DSF-7 

(2) DSF-38 

(2) DSF-50 

(3) DSF-200 

(1) DSF.7 

(3) DSF-38 

(3) DSF.38 

(A) DSF.38 

<31 J-sr-lSO 

.2) :'S?-64 

3.7 

2.2 

4.2 

4.0 

2.8 

3.0 

5.0 

3.0 

3.8 

3.0 

6.0 

3.2 

3.7 

4.1 

3.5 

2.7 



ISTALLATION 

DelOio 
AZ 

iley Creek 
Gosten, PA 

Resort 
nix. AZ 

Del Sol III 
l^uixia. AZ 

Peak 
n. AZ 

Rock Resort 
a, AZ 

luge Rldezs Landing 
intauk, NY 

) 
Wayne County Water 

Sewer Authorify 
ike Ariel, PA 

I 
Sun & Fun Resort 
Sarasota, FL 

TraUs 
tnd Beach, FL 

>asure Lake WWTF 
andiergrift. PA 

^ets HospiUl 
nport, N'Y 

Town of Vlllalba 
Rico 

of Watertown 
Vatertown, N'Y 

tTayland-Sudbury 
bury, ^LA 

River 
Vhite River, LT 

;ity of Woodstock 
Woodstock, NY 

FLOW 

50 gpm 

278 gpm 

120 gpm 

36 gpm. 

36 gpm 

36 gpm 

89 gpm 

70 gpm 

100 gpm 

140 gpm 

190 gpm 

278 gpm 

210 gpm 

70 

7^ 

35 gpm 

MODEL 

(1) DSF-12 

(2) DSF-3S 

(2) DSF-12 

(1) DSF-7 

(1) DSF-7 

(1) DSF.7 

(1) DSF-19 

(2) DSF-12 

(1) DSF-19 

a)DSF.38 

(1) DSF-38 

(2) DSF.38 

(1)'DSF^ 

(1) DSF-19 

,(1) DSF.19 

(1) DSF-7 

(2) DSF-38. 

LOADING RATE 
(GFM/SQ. FT.) 

4.2 

3.7 

5.0 

5.1 

5.1 

5.1 

4.7 

2.9 

5.3 

3.7 

5.0 

3.6 

3.3 

3.7 

4.0 

5.0 

3.9 



CONCRETE MODULE INSTALLATIONS 

U SPALLATION FLOW # OF MODULES LOADING RATE 
(GPM/SQ. FT.) 

County 

of Moititt Island 
Island, FL 

of Norwalk 
'alk.OH 

Cftil of StxungviUe 
S IngviDe, OH (2 Plants) 

A >iL 

aton, IL 

'of Gzcen Foiust 
jpi Forest, AR 

I 

jof Johnstown 
stown, OH 

of Kiasinunce 
FL 

1987 

1.5 MGD 

2.4 MGD 

1.9 MGD 

7.5 MGD 

3.0 MGD 

3.5 MGD (Ave) 
8.5 MGD (peak) 

4.6 MGD 
(each) 

(4) Modules 

(12) Modules 

(8) Modules 

(24) Modules 

(12) Modules 

(24) Modules 

(40) Modules 

5:0 

2.8 

3.8 

4.3 

4.1 

2.0 
4.9 

5.0 

600-i9Ud E>NIi.3>ldblU UOdd 0^:91 99. LI mr 



BIS8NUSS. INC. 
OLOE COURTHOUSE BU)Q. 

SUITE 260 
CANFIELD, OHIO 4440$ 

(216) 

DWASAND* 
FILTER 

METU. RNISHINa REFERSKE USr 

Customi isr/Loeatlon 

BC Plating * Melbourne^ FL 
MP * Olney. IL 
erequlp - Van Wart, OH 
irpax - Cambridge, MO 
Ichemtron - Cleveland. OH 
lien Bradley - Milwaukee, Wl 
Hied Rnishtng • Grand Rapids. Mi 
imerican Electro-Products - Waterbury. CT 

laconda - Miami, FL 
Fasteners • Waterbury. CT 

Sectric - Racine^ Wl 
- Colorado Springs, CO 

Idwin Hardware - Reading, PA 
II Helicopter - Amarillo, TX 

indix - Newport News, VA 
Sidney, NY 
Corporation - Indianapolis, IN 

Grass Plating - Richmond, KY 
Jrass Craft • Thomasville; NC & Lancaster, TX 

_ . Compressor • Bristol. VA 
Ironze Way Plating - Los Angeles, OA 
lurnish^ Metals • Ellenville, NY 
lunoughs • Carlsbad. OA 
ns > Bkhart. IN 
ns Printex - San Jose, CA 
TTS Printex • San Jose^ CA 
iadon • Wyandotte^ Ml 
^Hol Products - Kantland. IN 
champion Spark Plugs • Toledo, OH 
Cherry Fasteners - Santa Ana, CA 
/hicago Rnished Metals • Bridgeview, IL 
boating Equipment - Sudbury, MA 
>)lumbia Metal - Los Angeles, CA 
^xitinental Circuits - Orlando. FL 
Arouse Hinds - Amaritlo^ TX 
>arllng Store - Parsgould, AR 
)ay8trom Fumitura - Boston. VA 
)elta Faucet - Chickasha, OK 
Deutseh ECO - Oeeanside. CA 
>6xter Locke • Auburn, AL 
diamond Shamrock • LaPorte, TX 

Na of Ibtai 
Units Model Flow 

2 0SR64 384 
1 0SF.12 140 
1 DSF64 350 
1 DSF-19 120 
1 DSF^2 1'50 
1 DSF<12 60 
1 DSF-12 72 

DSF-19 200 
1 DSP-ie 90 
1 DSPae 200 
1 DSR38 150 
1 DSF-7 42 
1 DSFB4 350 
1 DSF-7 42 
1 DSF32 100 
1 DSF-100 400 
1 DSF-12 60 
1 DSR19 100 

DSF-19 228 
1 DSF.7 30 
1 DSF12 72 
1 DSFG8 200 
1 DSF-16 100 
1 DSF60 300 
1 DSF-19 114 
1 DSFS8 228 
1 DSF-38 228 
1 DSF38 225 
1 DSF-19 114 
1 DSF«4 350 

DSF7 42 
1 DSF'19 80 
1 DSF.16 75 
1 DSR19 100 
1 DSF12 50 
1 DSF64 275 
1 0SF16 60 
1 DSFS8 228 
1 DSF64 300 
1 DSF-16 too 
1 DSF32 60 

2727 N.W. 62nd Street 
no. 80x408399 
Fort UkuderOAle Florlde 33340 
ieieohone: 305 974-6610 

A kuuliv.r.»ry or 
A. C.<5. :r*c" 

Pita 9NI13XHUUI M0H3 in:9i 68. LI nnr 



No. of Ibtal 
Customer/Location 

Oivorsified Products • Opalaka^^^ 
Dresser irxiusArles«Defiance^ OH 
Eaton Corporation • Belmund. lA 
Eaton Corporation - Belmund. iA 
Everest & Jennings - Camariiir^ CA 
r^eral Mogul • Biacksburg. VA 
Federal Mogul - Frankford, IN 
Fsrroxcube - Saugerties. NY 
Flint ink - ElIzabetMown, KY 
Fbrd Motor Company • Connorsviiie, IN 
Ford Motor Company • St Paul. MN 
R)rd Motor Company • Saline, Ml 
Fomiosa Riastlcs - R. Comfort, TX 
R)rtin Laminating - Sylmar, CA 
Fortin Laminating - ̂ Imar, CA 
Frantz Manufacturing - Sterling, IL 
GAMCO - Henderson, KY 
Garrett Turtw - Phoenix, AZ 
a Z. Gedney - Tarryviile, CT 
General Detense Corporation - Red Lion, PA 
General Electric Company • Rorence^ SO 
General Eiectric Company - Milwaukee, Wl 
General Eiectric Company - Saiem, VA 
General Bectric Company - Syracuse, NY 
General Eiectric Company - West Buriingame, IA 
General Motors Corpi - Cadillac Div., Lavonia, Ml 
Gillette - Boston. MA 
Gould Valve & Fitting - Chicaga IL 
Graphic Products - Fort Lauderdale, FL 
Gridcaift - Fort Wayne, IN 
H. H. Electronics • Hvinsburg, OH 
Hadco Printed Orcuits - Wstsonville, CA 
Hall Chemical - Arab. AL 
Harris Government Sen/ices - Melbourne^ FL 
Hawaiian Electric - Pearl City, HI 
Honda of America - Marysville, OH 
Honeyweil - Chandler, AZ 
Hughes Aircraft - B Segundci CA 

; Hughes Aircraft • Los Angeles, CA 
Hughes loot - Houston, TX 
Hughes Tool - Houston, TX 
Hughes Tboi • Shanghai, China 
IBM - Bromorrt, Quebec 
IBM - Poughkaepsie. NY 
IBM • San Jose, CA 
IBM • Tucson, AZ 
ITT - Lawrence, MA 
rn* Csr.ncn - Phoenix. AZ 
ITT Courier - Tempe, AH 
ITT Grinneii - Columbia, PA 
m United Plastics - Balnbridge. OA 
impena: Cievite - McConnelisviiie, OH 
Indiana ircustriai Plating - Michigan City. IN 
Inctst'tSi Circuits • San Marco, 
Incercc.i rtand - Wichita Fails, TX 

A-yandanch, NY 
•' ":;:sr:on. CA 

.ii-' • • - Widdlebury, IN 

Units Model Flow 

DSF.7 30 
DSF7 25 
DSF-7 30 
DSF7 20 
DSF19 116 
DSF64 250 
DSF-7 42 
DSF12 60 
DSF12 60 
DSF100 625 
DSF64 750 
DSF1Q0 625 
DSP38 230 
DSF16 75 
DSf^ 200 
DSF7 30 
DSF12 60 
DSF38 200 
DSF7 40 
DSF19 100 
DSF38 600 
DSF38 70 
DSF19 85 
DSF7 42 
DSF7 30 
DSF-38 450 
DSF19 120 
DSf^ 150 
DSF16 60 
DSF7 30 
DSF12 50 
DSF12 60 
DSF32 50 
DSF38 160 
DSFig 60 
DSFS4 450 
DSF-12 50 
DSF19 100 
DSF-64 750 
DSF7 42 
DSF12 60 
DSF7 42 

2 DSF19 114 
2 DSR38 208 
2 DSF38 400 
3 DSF-38 325 
1 DSF12 72 
1 DSF12 55 
2 DSF32 325 
1 DSF19 too 
1 DSFS2 150 
1 iDSF19 114 
1 DSF38 114 
1 DSF12 72 
« DSF12 30 

DSF19 120 
DSF-38 150 
DSF-iS 100 

.T.r a * Bkkl'T J irsuviMi J • 1.1^^*1.1, 



No. of 
Units Model 

Total 
Row (GPM) 

Research - Ravenna, OH 
Aluminum ^ Fonda,. NY 

Ing Mio - Olathe^ KS 
Ing Radio - Olathe, KS 

-Sunnyvale. OA 
Olecast - Kansas City. MO 
Los Angeles, OA 

lies • Latrobe, PA 
Brothers - Sterling. IL 

Siegler - Mendon. Ml 
Metal Products - Lexington, IN 

ip - Houston, TX 
^ Hlltl - TUIsa. OK 
inavQX - Fort Wayne, IN 

- Eau Claire. W1 
Aemorex • Eau Claire. Wl 
Metropolitan Circuits - Bridgeport. NJ 
hficroiab - Amesbury, MA 
^olex, IncL • Lincoln. NE 
iMomingstar Manutacturing - Jacksonville^ FL 
iMotorola - Rantatlon, FL 
iMutapiex - Santa Clara. CA 
iMultidrcuits - Manchester. CT 

Matonai Can - St. Paul. MN 
iJatienal Lock - Mauldin, SC 
National Lock - Spartanburg. SC 
Rational Semi Conductor • San Jose, OA 
<lew England Plating - Worcester, MA 
Newport News Shipbuilding - Newport News, VA 

rrls Industries - Los Angeles. CA 
rris Industries - Newberry. SC 

Industries • Vemon. CA 
Industries • Vemon. CA 

Metal Specialties - Menomonee Falls. MN 
Telecom - West Palm Beach, FL 

Johnson - Waukegan. IL 
k - Milwaukie, OR 

- Radne, Wl 
tr Hannifin - Cleveland, OH 

Elmer - Norwalk, CT 
in Elmer • Nonvalk, CT 

Walton, IN 
'helps Dodge • B Pasa TX 

Dodge - Fort Wayne, IN 
Dodge - Norwich, CT 

Circuits - Raleigh. NC 
Plating - Psymouth, Ml 

'rogress - Philadelphia. PA 
Equipmer.! - Dayion. OH 

is Lighting - Cowpens. SC 
. Products - Oulncy, Ml 
- CIrclevllle. OH 
- dicleville, OH 
- Indianapolis. !N 

- Crawfo:Csv!!ie, IN 
taytheon - Lov/el;. :.*.A 

Severe Copper NY 
Reynolds .V.e-: • iesch, Hawaii 

DSF-7 
DSF-19 
DSF19 
DSF-19' 
DSF-19 
DSF^ 
0SF64 
DSF-T 
DSF-12 
DSF-19. 
DSR9 
DSF12 
DSP32 
DSF-12 
DSF38 
DSF-19 
DSF^ 
DSFS8 
DSF-7 
OSF-12 
DSFS2 
DSF^ 
DSF38 
DSF^ 
DSF-19 
DSF38 
DSF^ 
DSFSS 
DSF-19 
DSR2 
DSR2 
DSF64 
DSF«4 
DSR9 
DSROO 
DSF19 
DSF7 
DSF3S 
DSF7 
DSR9 
DSR9 
DSF7 
DSR9 
DSF32 
DSF32 
DSF32 
DSF-7 
DSF-38 
DSF-33 
DSF-7 
DSF7 
DSF-84 
OSF-64 
DSF-'.a 

^ T f» • '7r%u I ^kl'T I I 

20 
114 
100 
114 
114 
200 
750 

42 
50 

100 
120 
75 

150 
60 

530 
114 
150 
114 

30 
72 

150 
228 
175 
150 
120 
200 
200 
300 
150 
72 
60 

750 
500 
114 
275 
100 
40 

228 
40 

100 
100 
35 

120 
100 
150 
too 
42 

200 
225 
40 
42 

3 DSF-84 700 
800 
60 
60 
28 

114 
100 



*J£ia."30bd noioi ** 

No. of 
Unite 

Metal - Puerto Rico 
Plating - Jamasvllleb Wl 

I obertshOMr Controls • OA 
flogate Industries - Fort Wayne, IN 
f ohr Industries - San tDlego, OA 

Itehnologies • JenJdntOMm. PA 
aft America • WIdosta. GA 
hlnko - Manteca, OA 
tgma Plating - U Puente, OA 
mtth Kline & French - Swedenland, PA 
nap On Ibol • Elizabethton. TN 
nap On I&0I • Kenosha. Wl 
olid State Circuits - Springfield, MO 
p^ed Plating Company - Commerce. GA 
perry Right - Phoenix. AZ 
)erry Univac - Bristol. TN 

perry Univac - St. Paul, MN 
quare 0 - Ashevltle; NC 
quare D - Smyrna. TN 
lana^e - Sanford. NC 
tanley Ragg - Stowe, PA 
tarlite - Pierceton, IN 
lewart Warner - Vlfinston Salem. NC 
umitomo - Fremont. CA 
unstrand - Denver. CO 
un World - Alarmonte^ PL 
iitronics - Raleigh. NO 
irtronics - Raielgh. NC 

B - Eiizabeth, NJ 
Plating - Tawras City. Ml 

, ina - Beatverton. OR 
- Forrest Grove, OR 

lyne Adams - Union, NJ 
Department of Corrections - Orlando. TX 
Instrnment • Stafford, TX 
- Cincinnati, OH 

• Puerto Rico 
wire - PMsfieid. PA 

Textron - Pontiac, SO 
- Fails Church, VA 

- Providence, Rl 
Tricot - Buffalo. NY 

ipical arcuits - Pompano Beach. PL 
City Plating - Benton Harbor. Ml 

JSBI - Huntsville. AL 
J.S. Brass - Piano, TX 
iA^lkswagen of American - New Stanton. PA 
I'arlan • Palo Alio, CA 
/arian Eimac - San Carlos, GA 

IWang Labs • Lowell. MA 
/Viang Labs - iMetheun. MA 
ijvarner Lambert - Milford. CT 
Warsaw Black Oxide - Burnet. IN 
• •-oer Metals • Fairmont. CA 

J .bom - Mason City. lA 
Aluminum • Moultrie. GA 

.:.;.r.ghouse - Puerto Rico 

Ibtai 
Model ROW 

DSF-19 114 
DSF-19 100 
DSF^ 150 
DSF^ 200 
DSF-19 90 
DSP64 750 
DSF-38 150 
DSF-19 42 
DSF64 345 
DSF-16 75 
DSPS8 200 
DSF-12 200 
DSPS8 228 
DSF19 120 
DSFS4 370 
DSPS8 200 
DSF32 150 
DSF19 80 
DSF7 19 
DSFG8 225 
DSFS8 245 
DSF7 25 
DSFS8 20 
DSF38 150 
DSF-38 150 
DSF32 140 
DSF16 80 
DSF38 228 
05F.19 114 
DSF38 170 
DSFBA 1000 
DSF-a8 188 
DSF12 72 
DSF7 40 
DSF32 200 
DSF12 72 
DSF7 40 
DSF7 30 
DSF7 40 
DSF19 TOO 
DSF38 144 
DSF12 72 
DSF38 400 
DSF^ 200 
DSF7 42 
DSF16 75 
DSF38 ••OG 
DSF12 40 
DSF38 210 
DSF-38 228 
DSF16 HOG 
DSF19 100 
DSF38 100 
DSF7 
DSF12 '33 
DSF12 
DSF-12 " 

~) 



APPENDIX D 

ATTACHMENT 5 

PARKSON DYNASAND PILOT TEST 
REPORT ON IRON REMOVAL 



OLDE COURTHOUSE BUILDING • SUITE 260 • CANFIELD. OHIO 44406 • PHONE 216/533-5531 

March 23, 1989 

Dr. John Smith 
RETEC 
1034 5th Avenue 
Suite ICQ 
Pittsburgh, PA 

Subject: Parkson Corporation ^ 
DynaSand Filter 

Dear John, 

Please find enclosed a copy of the Parkson DynaSand pilot 
test report as discussed. 

Let us know if you have any questions. 

Yours very truly. 

Paul Bissell 

Enc. 

WATER: AND WA STE TR EATM ENT 



RKRKS0N €ORPOR^I0PJi 

DYNASAM) 
FILTER 

DYNASAND* FILTER 

PILOT TEST FINAL REPORT 

For 

DuPAGE COUNTY - Chicago, Illinois 

Knollwood Site 

APPLICATION: 
TEST DATES: 
REPORT DATE: 
PREPARED BY: 

Hell Hater Iron Removal 
5/12/87 - 3/20/87 
5/27/87 
T. K. Harris 

2727 N.W. 62ncl>Street 
P.O. 60x408399 
fort Uiuderdale. Florida 33340 
Telephone: 305 974-6610 

A lubsldiary of 
A. johnton &, Co., Inc. 



/; 

; S 

OBJECTIVE 

The objective oC this test was the removal of iron from well 
water tO' meet the limits of less than 0.3 ppm. 

CONCHJSIONS 

1. During, the day of May 12, 1987, a loading rate of S.I 
gpm/sg.ft. was run. This was done with the addition of 3.1 
ppm of chlorine. The media was 0.9 mm silica sand. The 
influent iron ranged from 3.0 to 5.0 ppm (10 to 46 NTU), 
yielding an effluent quality of 0.3 ppm (3.1 to 33 NTU). 
The pH was 7.2 to 7.4 with water temperature of 54*F. 
During this operational period, the Delta P was 27 inches. 
The effluent residual chlorine was 0.6 ppm. 

2. During the day of Hay 12, 1987, a short run was made at a 
loading rate of 5.6 and 5.8 gpm/sq.ft. This resulted in a 
Delta P increase up to 35 inches and 36 inches plus 
respectively. 

3. During the day of May 19, 1987, a loading rate of 5.3 
gpm/sq.ft. was run. The media at this time had been changed 
to 1.3 mm silica sand. The Influent iron was 3.0 ppm (4.0 
NTU) during this period. With the addition of 3.1 ppm of 
chlorine, an effluent quality of 1.6 ppm iron (1.0 NTU) was 
attained. The Delta P was 11 inches. The pH was 7.1 with 
water temperature being 53*P. The effluent residual 
chlorine was 0.6 ppm. 

4. During the day of May 19, 1987, a loading rate of 7.0 
gpm/sq.ft. was run. This was done with 1.3 mm silica sand. 
The Delta P during this period was 15 inches. With influent 
iron in the range of 3.0 ppm (3..3 NTU) and after the 
addition of 3.0 ppm of chlorine, an effluent quality of 1.8 
ppm iron (1.2 NTU) was attained. 

5. During the day of May 19, 1987, loading rates of 4.4 
gpm/sq.ft. and 3.3 gpm/sq.ft. were run. The Delta P during 
these periods were 9 inches and 7 inches respectively. With 
influent iron of 3.0 ppm (2.0 NTU) and after the addition of 
3*1 ppm of chlorine, an effluent quality of 2.0 ppm iron 
(0.6 NTU) was attained. 

6. During the day of May 20, 1987, a loading rate of 5.0 
gpm/sq.ft. was run. The Delta P was 10 inches. After the 
addition of 3.1 ppm of chlorine and 0.5 ppm of Nalco 8100 
polymer, the influent iron of 4.5 ppm (2.8 NTU) was reduced 
to 2.8 ppm (0.6 NTU). The pH was 7.1 with a water 
temperature of 54*F. The effluent residual chlorine was 1.0 
ppm. 

7. During the day of May 20, 1987, a loading rate of 4.7 
gpm/sq.ft. was run.. After the addition of 3.1 ppm of 
chlorine and 0.5 ppm of Nalco 8100 polymer, the influent 
iron of 4.0 ppm (2.6 NTU) was reduced to 2.5 ppm iron (0.4 
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NTO). 

8t Due to the piping to the DynaSand Filter pilot unit, the 
retention time for chlorine contact was limited to about 45 
seconds. By jar teat, a longeir retention time revealed 
better floe formation. The floe is fairly fragile, thus 
caution should be taken when designing flow velocities. A 
dosage of 0.25 to 0.50 ppm of Nalco 8100 produced a stronger 
floe. This will also reduce turbidity. 

9. With the use of the 1.3 mm silica sand media and the 
addition of 3.1 ppm chlorine, the iron was not significantly 
reduced:, but the turbidity was. This was also true after 
the addition of 0.5 ppm of Nalco 8100 polymer. 

RECOMMENDATIONS 

1. It is recommended that 0.9 mm silica sand be used for this 
application. 

2. At a maximum flow rate of 325 gpro., the loading rate to one 
DynaSand Filter, Model DSF-64 unit will be 5.1 gpm/sg.ft. 
With the addition of 3.1 ppm of chlorine and Influent iron 
of 3.0 ppm, an effluent quality of 0.3 ppm may be obtained. 
The Delta P at this condition will be 26 inches. 

3. At a nominal flow rate of 280 gpm, the loading rate to one 
DynaSand Filter, Model DSF-64 will be 4.4 gpm/sq.ft. With 
the addition of 3.1 ppm chlorine and influent iron of 3.0 
ppm, an effluent quality of 0.3 ppm may be obtained. The 
Delta P at this loading rate will be somewhat lower. 

4. The retention time for floe formation is very important in 
this application. By jar testing, approximately three to 
five minutes revealed good formation for filterable 
particles. 

5. The feed velocities must be considered due to the fairly low 
shear rate< of the flocced particles. 

DISCUSSION 

The tests were run using the DynaSand Filter trailer mounted 10.6 
square-foot unit. Feed to the unit was taken from a fire hydrant 
located about 100 feet from the trailer. The chlorine was added 
at the hydrant and injacted via a chemical pump. When polymer 
addition was required, this was injected just prior to an in-line 
mixer located about 15 feet from entering ths unit. The effluent 
and reject were gravity fed to a stream. 

The major difference between adding polymer and not addint it was 
the size and strength of the floe and, not the amount of iron 
removed. With the addition of polymer, the floe was still fairly 
small (less than 1/8 inch). 

TKH/gl 



DATB 
TtHE 

LOADIHG 
RATE 

QPB/£t.2 

DELTA 
p 

pH TBHP 
•P 

IRON 
IMPL. EFPL. 

NTO 
INPL. BPPL. 

C^HEHICAL ADD. 
CHLORINE POLYNER 

COHMBNTS 
* 

5-12-•87 

1000 5,1 31 5.0 1-5 46 33 3.2 0,9 ma sand 

1130 5.1 31 7.4 54 5.0 0.9 14 8.7 3.1 Air 30 psi/4S 
45 SCPH 

1300 

1330 

5.0 28 

26 7.4 54 

5.0 0.6 10 3.1 3.3 Residual 
chlorine 0.6 

1340 5.6 35 -

1400 5.8 36+ Sand bed +5" 

1430 5.1 26 3.0 0.3 5.9 1.5 3.2 Resid.chl. 0. 

1530 5.1 27 7.2 54 3.0 0.3 5.9 1.2 3.2 Resid.chl.0.6 

1630' 0.3 1.3 • 
5-19-87 

0830 5.3 11 7.1 53 3.0 1.8 4.3 1-2 3.0 1.3 mm sand 

0900 5.3 3.0 1.6 4.0 1.0 3.2 

1000 5.5 11 7.1 53 1.6 0.9 3.1 Resid.chl. 0. 

1100 11 1.6 0.9 

1200 7.0 15 3.0 

1300 7.0 15 3.0 2.0 3.8 1.7 
1 

Resid.chl. 0. 

1330 7.0 15 7.1 54 3.0 1.8 3.3 1.2 3.0 Resid.chl. 1. 

1400 4.1 9 3.0 

1430 4.4 9 3.0 2.2 3.4 0.6 3.0 
" 



DftTB 
TIHB 

LOADING 
RATE 

apn/ft.2 

DELTA 
P 

pH TBNP 
•P 

IRON 
INFL. BPPL. 

NTU 
IHPL. BPPL. 

CHEMICAL ADD. 
CHLORINE POLYHBR 

COHHENTS 

1500 - 3.0 2.0 0.6 

1515 3.3 7 

1600 3.3 7 7.1 54 3.0 2.0 3.3 0.5 3.1 

5-20-87 

0700 

0730 

5.0 

5.0 10 7.2 54 

3.2 O.S Polymer 
Naico 8100 

: 0830 5.0 10 4.5 2.8 3.4 0.6 3.1 0.5 Resid.chl. 0. 

0915 4.9 10 7.1 54 4.5 2.8 2.7 0.7 3.5 0.5 Resid.chl. 1. 

0930 
J 

4.7 

1015 4.6 10 3.1 0.5 

; 1100 9 2.9 0^5 3.1 O.S 

i 1130 4.1 

: 1200 4.7 4.0 2.5 2.6 0.4 3.2 0.4 Resid.chl. 1. 

1300 4.7 4.0 2.5 2.6 0.5 

TKH/gi 



ATTACHMENT D 

COPY OF THE NPDES PERMIT APPLICATION 

TO BE SUBMITTEDi TO THE MINNESOTA POLLUTION 

GONmOL AGENCY FOR TREATMENT OF PXJMFED 

GROUNDWATERS FROM A ST. LOUIS PARK, MINNESOTA SITE 
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NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) 
AND STATE DISPCfAL SYSTLM PERMIT APPLICATION 

f :A SHORT FORM C 

Please type or use black Ink pen to complete this form. 

ItHli IJ 
.1 1 . 

Year Mo. Day 
' For Aoency Use 

1. Applicant, Authorized Agent, Consulting Engineer, and Facility information 
A. Applicant 
" ITame city of Sc. Louis Park, Department of Public Works 
Street !>UU!> Hinnetonka Blvd. FT7w St. T.0U1B Paik 
State Minnesota 

B. 

C. 

D. 

Applicant's Technical Agent 
Name James H. Grube 
Street 50Db Hlnnefconka Blvd. 

^Clty^ 
ephone ^24-2551 

Title director of Public Works 

State Minnesota" 

Applicant's Consulting Engineer 
Name John Smith, P.E. 
City 

City 
l?plH!™_Teliph5H¥ 

St. Louis Park 
(m) 9?A-2551 

Firm Remediation Technologies, Inc. 

Pltfshiirgh 

Facility Producing Discharge 
Name Groundwater Treatment Facility 

Telephone aza-ssAO 

71 ?n Wpsr T.alfp Srrrrr ^Clty St. i 
State Mmnrsnra ZtP ssAia Telephone 
County TownshTp 

Louis Park 

Quarter 
Attach a map showing above location. 

2. Principal Activity/Product of Business 

A. Principal Product Produced or Raw 
Material Consumed 

NA 

(6121 92A-2555 
Range • Section 

Average Amount/ 
Unit Time 

NA 

Maximum Amount/ 
Unit Time 

NA 

Quantities above represent: (check one} 
Princlpail Product Produced SA Raw Material Consumed NA 

B. Number of Employees WA 
C. Brief Description of the Disposal System: pretreatment of pumoed groundwater 

with potassium permanganate and sand filtration for Iron and manganese 
removal. To be follwed by activated carbon column treatment for removal of 

nrvanlr rnntamlnanra. Discharge Into storm sewer to Minnehaha Creek. 

3. Current or previous permit number (NPDES or State Disposal System Permit) 
POTW Permit Application made - Letter of authorization granted by Louis 

J. Brelmhurst, Metropolitan Waste Control Commission - 6/19/87. 

MPCA-C-9/79 PO-00406-01 (5/8S) 

NA - not Applicable 
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4. Reason for Application (check one) 

A. New Facility if this is a new facility, give date 
B. Expiration of Existing Permit xxx discharge began or is expected to begin: 
C. Modification to Existing Facility SnptewbQF. V??o 
0. Agency Request 
E. Other, specify xxx 

Groundwater pumping Is required' at the St. Louis Park -A 
^art of a consent decree between the City of St. Louis Park, U.S. EPA, MPCA, 

and Rellly Industries, Inc. 
5. Has an Enviironniental Imoact Statement (EIS)., Environmental Assessment (EA), or an 

Environmental Report ever been written for this facility? Yes ^ No 

6. Water Treatment 

A. Identify all water treatment additives used, including convnerci'al names of'the 
products, amount used (concentration), frequency lof treatment, and the use of the 
treated water (e.g. non'Contact cooling water treated with 10 ppm "Watco 999" 
for two hours once a week). Potasslulm permanganate - becweeti ,7 to 17 ppm 
continuous dosage to be added to pumped groundwater prior Co sand filtration 

and activated carbon column treatment prior to discharge to Minnehaha Creek. 

Exact amount of KMnOA depends upon Influent concentrations of Iron and manganese. 

Q.NO water treatment additives used. 

B. Attach information on the aquatic toxicity and/or chemical composition of the 
products listed above (see instructions). See Attached MSDS 

7. System Modifications 

A. If submission of application is due to the expiration of your permit (4B above), 
and there have been no significant changes to your system (production Increases or 
decreases, facility expansion, process modifications, including waste treatment 
facility changes, etc.), check here complete the date, title and signature 
blocks on last page and return the original application to the Minnesota Pollution 
Control Agency without completing the remainder of the questions. If this is not 
the case proceed to 1tem(7.B.) 

B. If changes/modifications such as those listed in (7.A.) have been made to your 
system since Issuance of your last permit, give a brief description of these 
changes and continue to Item (8.): Treatment for pumped groundwater has been 

nrovlded' as described In 6A. Prevloua discharge was to POTW, no treatment was 

reoulredi. • 

8. Water Data 
Quantities 

A. Water Source (Gallons Per Day) 

Municipal or commercial water supply 
Surface water,. >naine 
Groundwater, intake location Piatceviiie, Drift a o.i rmu 
Other, specify PraTirle du Chlen/Jordan Aquifers 
Quantities above are: (check one) Estimated average Actual averages. 

1CA <• - '79 Estimated Maximums xxx Actual Maximums 
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B. Water Use 

Type of 
Wastewater 

Quantities 
(Gallons/ 

Treatment System 
(e.g. aerated pond, settling 
pond, cooling tower, septic 
tank, dralnfleld, spray Irrlg) 

Final Disposal 
(e.g. munlc. sanitary 
sewer, storm sewer, tile. 
ditch. Rum River, soil) 

(1} Process water -
iDescrlbe:, • 

(2} Contact cooling 
water 

once-through 
recycled 
barometric 
condenser 

J»vg 
max 

_avg 
max 

(3} Non-contact 
cooling water 

once-through 
recycled 

_avg 
max 

j»ygi 
max 

(4) Sanitary waste 

_avg 
max 

(5} Floor drains 

_avg 
max 

(6) Surface runoff 
collected before 

discharge 
not collected 

jvg 
max 

(7} Other, specify: 
Groundwater 

_avg 
max 

O.lSMGiavg 
0.2MGDinaX 

Potassium Permanganate/Sand 
Filtration k Activated Carbon 
Column Treatment 

Storm Sewer 

' k " Estimated Flows A • Actual Flows 

(8) On a separate page, provide a schematic diagram (flow chart) showing the route(s) of 
wastewater flow through the treatment facility from the water source to the discharge 
point. attached Figure 4-1 (Drawing Number 189-1'005)' 

MPCA-C-5/79 
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'9. Discharge Frequency 

Type of Water Discharged Hours/Day Days/Week Weeks/Year Other. Specify 

A. Point Source Well 

Months of Discharge: 

24 365 

Ongoing 

B. 

Months of Discharge: 

C. 

Months of Discharge: 

ID. Check the appropriate space(s) If your discharge contains or It Is possible for your 
discharge to contain one or more of the following substances as a result of your opera
tions. activities, or processes. 

n. 

algaecldes 
aluminum 
annonla 
beryllium 
cadmium 
chlorine 
(residual) 

chromium 
copper 
lead 
mercury 
nickel 
oil & grease 
phenols 

xx" 
"joc* 

polychlorlnated 
b1phenyls (RGBs) 

radioactivity 
selenium 
zinc 
none of the above 
others, specify XX* See attached St. Louis Pa" 

PAH List 
complete the date. If no wastewaters are discharged to surface waters, check here 

title, and signature blocks on the last page and return the orlgTiTal application to the 
Minnesota Pollution Control Agency without completing the remainder of the questions. 
If wastewaters are discharged to surface waters, proceed to Item 12. 

12. Number of separate discharge points to surface waters: 

13. Route to receiving water (e.g., ditch to Mississippi River, storm sewer to IVIn Lake, 
city tile system to ditch to Rice Creek, etc.),: storm sewer to Minnehaha Creelt. 

Raw water to treatment system would contain these 
parameters. The treatment system as described In 6A Is 
designed to remove them. 

HPCA-C-5/79 
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14. If this facility has never been issued an NPDES permit and if any of the fonowing 
parameters apply to your discharge, indicate present concentrations measured at the 
point of discharge from the facility for each discharge point. Samples shall be 
collected during periods of representative discharge. 

A. Type of wastewater analyzed: pilot study 

2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 

contaminated 
Parameters 

BOD5 (5-day Biological Oxygen Demand) 
Total Suspended. Solids 
Fecal Coliform** 
PH 
Temperature - winter 
Temperature - sutmer 
Turbidity 
Nutrients, specify: 

Other, specify:*** 
PAH. - SIP' Llat 
Phtnoljca 

Discharge - Post 
groundwater 

Treatment of 

B. 
Dissolved Oxygen 

Type of wastewater analyzedc 

IT-
Tir-
TT— 

Concentration 
i.lr 

170=20-

5=8" 
-50-
-rcr 

"igTr 
mg/l 
MPN/100 ml 
standard units 
•F 
•F 
JTU 

G Not Detectedmq/l 

10 
•07005 

ng/L 
i3g7C-

2.0 mg^L 

1. BOD5 (5-day Biological Oxygen Demand) 
2. Total Suspended Solids 
3. Fecal Coliform** 
4. pH 
5. Temperature - winter 
6. Temperature - sunmer 
7. Turbidity 
8. Nutrients, specify: 

9. Other, specify:*** 

mg/l 
mg/l 
MPN/100 ml 
standard units 
•F 
•F 
JTU 

mg/l 

C. Type of wastewater analyzed: 

1. BOD5 (S-day Biological Oxygen Demand) 
2. Total Suspended Solids 
3. Fecal Coliform** 
4. pH 
5. Temperature - winter 
6. Temperature - sumner 
7. Turbidity 
8. Nutrients, specify: 

'9. Other, specify:*** 

mg/l 
mg/l 
HPN/100 ml 
standard units 
•F 
•F 

;jTU 

mg/l 

* Sample type: G-6rab sample C^Composite sample 
** Fecal CoTiforms shall be expressed as a geometric mean (see instructions) 

Analysis should be completed for all items checked in question 10. 

MPCA-C-9/79 NA Noc Applicable 
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15. Attachments (check attachments enclosedO 

FTordiaara! —mTOWG 189-1005) Figure 4-1 
Other, specify St. touls Park PAH List 

Analytical Resulcs 

_ Potassium Permanganate USDS 

I certify under penalty of law that I have personally examined and am familiar with 
the information submitted In the attached document; and based on my inquiry of those 
individuals innediately responsible for obtaining the information, I believe the 
submitted information is true, accurate, and complete. I am aware that there are 
significant penalties for submitting false information, including the possibility 
of fine and imprisonment. 

Signature of Applicant ^ Printed Name of Person Signing 

Title : Date Application Signed 

iPCA-C-9/79 
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MPCA SHORT FORM C - SPECIFIC INSTRUCTIONS 

Instructions for coinDletlnq the National Poillutant Discharge EHmlnation System (NPDES) 
and State Disposail System Permit Appilication - MPCA Short Form C. 

Comolete this form being sure that each Item Is considered and the required data sub
mitted. Check the items which most nearly apply to you and your operation. If an item 
does not-apoly, please enter in the appropriate place "Not Applicable" or "NA" to show 
that the item was given consideration. 

1. A. Applicant - The person, agency, firm, municipality, or any other entity which 
owns or is responsible for any disoosal system. Enter the name of the applicant 
as it is officially or legally referred to. Do not use colloquial names as a 
substitute for the official name. Use the complete mailing address of the 
applicant's main office. (This often, will not be the same address used to 
designate the location of the facilities.) 

B. Applicant's Technical Agent - Give the name of a person who is thoroughly 
familiar with the facts reported on the application form and who can be contacted 
by the State offices, and other agencies involved in permit aoplication processing 
and review. 

C. Applicant's Consulting Engineer - Give the name, firm name, city, and telephone 
number of the engineer who prepared reports, plans and specifications for the 
facility if different than' I.E. (If same,, so indicate.) 

D. Facility Producing Discharge - Give the name and address of the facility pro
ducing the wastewater if different than l.A. (If same, so indicate). Also pro
vide a legal description and map of the facility. 

2. State the product produced or service provided at this facility, the average amount 
of product produced, raw material consumed, or any other type of measurement to in
dicate the size of the operation during a given period of time (e.g., milk distribution, 
20,000 lbs/day: mining of iron ore, 5,000 tons/day; slaughterhouse, 10 beef/day etc.). 
Also include the number of employees and a brief description of the disposal system. 

3. List any previous application or permit, NPOES or State Oisoosal System, for the 
facility and give the date of application or oennit issuance date. 

4. Indicate the reason for submission of this aoplication. 

5. Indicate whether or not an Environmental Imoact Statement, Environmental Assessment, 
or Environmental Report was ever written for this facility. 

6. A. Identity all water treatment additives used in flows which discharge to waters 
of the state. Include the commercial name of the product, the amount or con
centration of the product used, the frequency of treatment, and the use of the 
treated water (process, cooling water, or other usage - specify). Additives 
used in flows which discharge to municipal sewage treatment systems need not be 
reported here. 

8. Obtain aquatic toxicity and/or chemical composition information on all water ' 
treatment additives used. This information should be obtained through your 
water treatment consultant or supplier. Attach this information to the 
permit application. 

•i-C-5/79 
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7. A. If this application is submitter because an existing permit is expiring (4..B.) 
and no significant changes have been made since the last issuance (e.g., 
facility expansions., production increases or decreases, process modification or 
wastewater treatment facility changes which will result in new, different, in
creased, or decreased discharge of pollutants), check the block, provide author
ized signature, and return< the original application to: 

Minnesota Pollution Control Agency 
_ _ Division of Water Quality 
' ~ ATTN: Regulatory Compliarce Section 

520 Lafayette Road North 
St. Paul, MNI 55155 

If significant changes have been made to your facility proceed to 7.B. 

B. Briefly describe any significant changes that have occurred to your facility 
since the last permit Issuance. Proceed to item 8. 

B. A. The volume per day of intake water may be estimated from water supply meter 
readings or from billing statements from a water supply utility. If water is 
not metered, estimate from pump capacity (in gallons per minute.) times 60 times 
average number of hours the pump operates per day. 

B. (1) thru (7) Explanation of Column Headings: 

Type of Wastewater -

-Process Water • Water that comes in contact with any raw material, inter
mediate material , or end product. 

-Non-contact Cooling Water • Water used to reduce temperature which does not 
come in contact with any raw material. Intermediate, or end product. 

-Sanitary Water = Wastewater discharged from the sanitary conveniences (e.g., 
toilets, sin/.s, showers) of dwellings, office buildings, industrial plants, 
or institutions. 

Quantities - Indicate the volume discharged per day at the facility for each 
type of water used. Do not count it twice when water is reused. If water is 
subsequently used for one or more other purposes, indicate the volume per day 
of the last designated use before treatment and/or discharge. For examole, if 
water is initially used as non-contact cooling water, then as process water, 
(before being treated or discharged)., the quantity of water given sh- u.ld be 
indicated as process water. 

E/A - The accuracy of all volumes should be Identified as either actual 
IXT or estimate (E) 
Treatment System - This includes those items such as settling ponds, aerated 
ponds, chemical treatment, filtering systems,, cooling towers, septic tanks, 
drainfields, spray irrigations, ridge and furrow., etc. If none, so 'indicate. 
Location of Final Disposal - This would include the actual name of a body of water, 
storm sewers,, municipal sanitary sewer, tile system, ditches, soil, or commercial 
haulers. 

B.(80Schematic Diagram - A flow chart should be'attached showing routes and treatment 
units for all water used in the facility,, prior to discharge. 

9. A. Indicate how often the facility discharges wastewater to the final disposal 
areas. 

B. If this facility does not discharge 12 months per year, s-"!-<f' the months when 
discharge occurs. 
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10. Check any of the listed Items that are present or may be present in the wastewater 
as a result of your facility's operation. 

11. If your facility does not discharge wastewater to surface waters (e.g., a Take, 
creek, river, swamp, ditch, storm sewer, etc.),, check the block, proceed to last 
page and complete signature, title, and date blocks. Return the original applica
tion' to the Minnesota Pollution Control Agency's address shown 1.n-7.A. above. If 
any wastewaters are discharged to surface waters, proceed to Item twelve (12) and 
fiomplete the application form. 

12. Separate discharge points are defined as an easily Identifiable, completely or 
partly enclosed container or channel through which the wastewater Is discharged 
Into a body of water; for example, a pipe,, ditch, culvert, tile system, refuse 
container, barge, boat, etc. 

13. Describe the methods of conveyance used to transport the was.tewaters from the dis
charge point to the first main surface water. Whenever possible use the name of 
the waterway as shown on published maps. If the discharge Is to an unnamed tribu
tary, give the name of the waterbody fed by the tributary and Identify as "tributary 
to (name of waterbody)." (e.g.. "ditch to Mississippi River". "Unnamed Creek to 
Spruce Lake", etc.). 

14. If your discharge waters come in contact with any of your processes, are used as a 
cooling agent, or are contaminated In any way, measure aporoprlate parameter con
centrations and Indicate the type of wastewaters In which the concentrations occurred 
(e.g., process, cooling, sanitary wastewaters). 

**Geometr1c mean - the n^'' root of the product of n factors. For example, 
given the measurements of 4 HPN/100 ml_, 7 HPN/100 ml, and 5 HPN/100 ml, n - 3. 
Therefore, the geometric inean-^4x7x^)» . 5.2 HPN/100 ml. 

15. Please check or specify the attached maps, diagrams, etc. 

Signature of Application - The person who signs the application form will often be the 
applicant himself; when another person signs on behalf of the applicant, his title or 
relationship to the applicant should be shown In the space provided. In all cases, 
the person signing the form should be authorized to do so by the applicant. An appli
cation submitted by a corporation must be signed by a principal executive officer of at 
least the level of vice president. In the case of a partnership or a sole proprietorship, 
the application must be signed by a general partner or the proprietor, resoectlyely. In 
the case of a municipal, state, federal, or other public facility, the application 
must be signed by either a principal executive officer or ranking elected official. 

Return the original copy of this application to the Minnesota Pollution Control Agency 
address listed In, Item 7.A. 

Effective April 7. 1986,, the Minnesota Legislature adopted rules reguiring the Minne
sota Pollution Control Agency to collect fees for a'lT applications submitted .for per
mit issuance. This fee is reguired under Minnesota Laws 1985, First Special Session, 
Chapter 13. A fee of $50.00 is reguired for this application. 

PLEASE REMIT THE $50.00 ALONG WITH THIS APPLICATION, PAYABLE TO THE 
MINNESOTA POLLUTION CONTROL AGENCY 

HPCA-C-9/79 
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ST. LOUIS PARK -

PABAMBTER 

POTENTIAL, CARCINOGENS 

Qufnollrw 
Banzo(a)anthracafw 
Chrysone 
Banza(b)fluorantheiw 
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TRBLE S-IO 
ST. LOUIS PB^kTRERTRBlLlTV STUDV 
NP0E5 PERHItlMHPLINO RESULTS FORi 

CONOENTIONRL/NUTRiENfS/HETRLS/PRH bg HPLC 

INFLUENT 
HEEK I 
EFFLUENT BLRNK 

0.071 < 0.005 • < 0.005 
7.9 7.S 7.6 
673 566 < 1.06 

10.0 16.0 1.00 
5.19 < 1.00 < 1.00 
l6.0 < lo.o < 10.0 
7.15 < 1.00 < 1.00 
6.00 < 6.00 < 6.00 
159 119 < 1.06 

2.90 
765 

61.0 
IB. 9 
19.9 
7.21 

<0.500 
<0.200 
<6.200 
<6.020 
<0.ISO 
<0.020 
<0.620 
<0.020 
<0.030 
<0.050 
<6^050 

INFLUENT 

0.06 
7.5 
711 
M.O 
1.12 
92.0 
7.06 
5.00 
17i 

HEEK 7 
EFFLUENT 

0.005 
7.5 
699 
2.6 
1.00 
10.0 
2.59 
9.11 
175 

1.B10 < 0.100 < 
0.111 < 0.100 < 
0.100 < 6.166 < 
0.371 0.031 < 
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<2.00 
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<0.200 
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<0.020 
<0.020 
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<0.056 
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2.120 
0.100 
0.100 
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< 0.010 0.090 0.011 9 • < 0.010 < 0.010 < 0.010 
< 1.00 < 1.00 < 1.00 : < 1.00 < 1.60 < 1.06 
< 0.026 < 0.626 < 0.020 • 

i < 0.020 < 0.020 < 0.020 
< 0.020 < 0.020 0.699 t < 6.626 < 0.020 < 0.020 

< 0.100 < 
< 0.160 
< 0.100 < 

0.211 < 

<2.00 
<2.O6 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<6.266 
<0.020 
<0.150 
<6.620 
<0.020 
<0.020 
<6.090 
<0.050 
<0.050 

NR 
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0.005 : 
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1.00 : 
1.66 ; 
1.00 : 
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INFLUENT 

< 
< 

11.1 
717 
106 

60^2 
11.1 
7.09 

0.691 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<6.050 

Hook 19 
EFFLUENT BLRNK 

0.121 0.012 < 0.005 
7.6 7.6 5.8 
715 730 1.00 

1.00 < 1.00 < 1.00 
7.20 < 1.00 < 1.00 
20.0 2B.0 < io.o 
2.16 5.26 < 1.00 
5.00 < 6.66 < 6.06 
501 151 < 1.00 

0.010 < 0.010 < 0.010 
1.05 < 1.00 < 1.00 

0.020 < 0.026 < 0.626 
0.020 < • 0.020 < 0.020 

1.980 < 0.100 < 0.100 
6.116 < 0.100 < 0.100 
0.100 < o.ioo < 6.166 
0.971 0.691 < 0.015 

<2.00 
<2.00 
<2.60 
<2.60 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.620 
<0.156 
<0.020 
<0.020 
<0.626 
<0.030 
<0.050 
<0.056 

NR 

: Total Ootoctablo PRH 920.7 0.0 0.0 916.1 0.0 

Notoi Rnalgsos bg KER. 
NR - indicates not analgsod. 
< - roprosonts loss than dotoctablo concontraiions. 



POTASaZUM PSRMANCANATE PACK 01 OP 05 

POTASSIUM PSRMAMOAMATE 
POTASSIUM PERMANGANATE 
POTASSIUM PERMANGANATE 

MATERIAL SAPETV DATA SHEET 

PISHER SeXENTIPie EMERGENCY OONTACTSi OATBi 01/06/83 
CHEMICAL BZVZSION GASTON L. PILLORI PO NBRi 1090 WILL O 
1 REAGENT LANE C2013 796-7100 ACCTi Oa9SOY'-01 
FAIR LAWN NJ 07*10 INDEXi 018900*0**0 
Ca013 796-7100 CAT MOi PaTCSOQ 

THE INFORMATION! BELOW IS BELIEVED TO BE ACCURATE AND REPRESENTB THE BEST 
INFORMATION CURRENTLY AVAILABLE TO US. HOWEVER. WE MAKE NO WARRANTY OF 
MERCHANTABILITY OR ANY OTHER WARRANTY. EXPRESS OR IMPLIED. WITH RESPECT TO 
SUCH INFORMATION. AND WE ASSUME ND LIABILITY RESULTING FROM ITS USE. USERS 
SHOULD MAKE THEIR OWN INVESTIGATIONS TO DETERMINE THE SUITABILITY OF THE 
INFORMATION FOR THEIR PARTICULAR PURPOSES. 

------ -- -

OAS-NUMBER 7728-6*-7 
SUBSTANCEi POTASSIUM PERMANGANATE 

TRADE NAMES/SYNONYMSi 
CHAMELEON' MINERALi O. I. 77775S| PERMANGANATE OF POTASH, CONOV'S CRYSTALS, 
CAIROX, PERMANGANIC ACID POTASSIUM' SALT, STCC *9187*0, UN 1*80, P-a79, 
p-aoT, Acciosao 

CHEMICAL PAMILYi 
INORGANIC SALT 

MOLECULAR FORMULAi K-MN-O* 

MOLECULAR WEIGHT, 158.0* 

CERCLA RATINGS CSCALE 0-33, HEALTH:3 FIREsO REACTIVITY:0 PERSISTENCE:3 
NFPA RATINGS CSCALE 0-*3i HEALTH:1 FIRB:0 REACTIVITY:0 

COMPONEMTi POTASSIUM PERMANGANATE PBRCEMTi 100 

EXPOSURE LIMITS, 
POTASSIUM PERMANGANATE, 
5 MGCMN3/M3 ACGIH CEILING 

100 POUNDS CERCLA SECTION 103 REPORTABLE OUANTITY 

PHYSICAL"DATA" 

OESCRIPTZON, ODORLESS, DARK PURPLE OR BRONZE-LIKE RHOMBIC CRYSTALS WITH A BLUE 

METALLIC SHEEN, SWEETISH. ASTRINGENT TASTE 

MELTING POINT, *6* F Ca*0 03 DECOMPOSES SPECIFIC GRAVITY, 2.703 

SOLUBILITY IN WATER, 6. 3SX 

SOLVENT SOLUBILITY, METHYL ALCOHOL. ACETONE. SULFURIC ACID. DECOMPOSES BY 
ALCOHOL AND OTHER ORGANIC SOLVENT AND OONOENTRATED ACIDS. 

FIRE AND EXPLOSION HAZARD, 
DANGEROUS FIRE AND EXPLOSION HAZARD BY CHEMICAL REACTIDN. POWERFUL OXIDIZING 
AGENT, INCREASES FLAMMIBILITY OF COMBUSTIBLE MATERIALS. E3<PLOSION MAY OCCUR 
WITH ORGANIC OR READILY OXIDIZABLE MATERIALS. EITHER WHEN DRY OR IN SOLUTION. 

FIREFIBHTZNG MEDIA, 
DRY CHEMICAL. CARBON DIOXIDE. HRLON OR WATER SPRAY 
C1987 EMERGENCY RESPONSE GUIDEBOOK. DOT P 5800. *3. 

FOR LARGER FIRES. USE WATER SPRAY OR FOG 
C1987 EMERGENCY RESPONSE GUIDEBOOK. DOT P 5880. *3. 

FIRSFIGHTXNG, 
MOVE CONTAINERS FROM FIRE AREA IF POSSISLE. COOL CONTAINERS E3(P08ED TO FLAMES 
WITH WATER FROM SIDE UNTIL WELL AFTER FIRE IS OUT. STAY AWRY FROM STORAGE TANK 
ENDS. FOR MASSIVE FIRS IN STORAGE AREA. USE UNMANNED HOSE HOLDER OR MONITOR 
NOZZLES, ELSE WITHDRAW FROM AREA AND LET FIRE BURN C1987 EMERGENCY RESPONSE 
GUIDEBOOK. DOT P 5800.*. GUIDE PAGE 353 

USE FLOODING AMOUNTS OF WATER. COOL CONTAINERS WITH FLOODING GUANTITIES OF -
WATER. APPLY FROM AS FAR A DISTANCE AS POSSIBLE. EVACUATE TO A RADIUS OF 
2500 FEET FOR UNCONTROLLABLE FIRES. 

DEPARTMENT OF TRANSPORTATION! HAZARD CLASSIFICATION *9CFR172. 101, 
I g* 



POTASSIUM PERMANCANATE PAGE OS OP OS 
exxozESR 

DEPARTMENT OP TRANSPORTATION LA8SLZNC REQUIREMENTS t-SCFRlTE. 101 AND ITS. <haai 
OXIDIZER 

DEPARTMENT OP TRANSPORTATION PACKAGING REQUIREMENTS! 1-9CPR17I. IS-h AND 
"fSCPRlTI. 19* 

EXCEPTIONS! *9CPR173. 1S3 

1090 MC/KG ORAL-RAT 
SOO MG/KG 
MUTAGENIO DATA 

POTASSIUM PERMANGANATE! 
2*00 UG/K6/DAV ORAL-WOMAN TDLO, 1*3 MC/KG ORAL-HUMAN LDLO| 
LDSOi SOO MC/KG ORAL-RABBIT LOLO; *00 MG/KG ORAL-DOG LOLOi 
SUBCUTANEOUS-MOUSE LDSO; 70 MG/KG INTRAVENOUS-RABBIT LOLO| 
DATA CRTECS], REPRODUCTIVE EPPECTS DATA CRTECS3| 
CARCINOGEN STATUS! NONE. 
POTASSIUM PERMANGANATE IS A SEVERE EVE. SKIN. AND MUCOUS MEMBRANE IRRITANT. 

POISONING MAY APPECT THE KIDNEYS. 

INHALATION! 
POTASSIUM PERMANGANATE! 
CORROSIVE. 

ACUTE EXPOSURE- MAY CAUSE SEVERE IRRITATION OP THE RESPIRATORY TRACT. 
SHORTNESS OP BREATH. LABORED BREATHING. CHOKING. STRIDOR. PERSISTENT, 
SPASMODIC COUGH. PAIN IN THE NOSE. MOUTH AND THROAT. AMD BURNS OP THE 
MUCOUS MEMBRANES. IP SUPPICIENT QUANTITIES ARE INHALED. PULMONARY EDEMA 
MAY DEVELOP. OPTEN WITH A LATENT PERIOD OP 5-72 HOURS. THE SYMPTOMS MAY 
INCLUDE TIGHTNESS IN THE CHEST. DYSPNES. PROTHY SPUTUM. CYANOSIS, AMD 
DIZZINESS. PHYSICAL PINOINGS MAY INCLUDE WEAK, RAPID PULSE. HYPOTENSION. 
MOXST RALES AND HEMOCONCENTRATION. RECOVERY MAY BE PROLONGED AND RELAPSES 
ARE POSSIBLE. IN SEVERE EXPOSURES. DEATH DUE TO ANOXIA MAY OCCUR WITHIN 
A PEW HOURS APTER ONSET OP PULMONARY EDEMA SYMPTOMS OR POLLOWING A 
RELAPSE. 

CHRONIC EXPOSURE- DEPENDING ON THE CONCENTRATION AND DURATION OP EXPOSURE. 
REPEATED OR PROLONGED EXPOSURE TO ACIDIC SUBSTANCES MAY CAUSE EROSION OP 
THE TEETH AND INPLAMMATORY AND ULCERATIVE CHANGES IN THE MCUTH. BRONCHIAL 
AND GASTROINTESTINAL DISTURBANCES ARE ALSO POSSIBLE. 

PIRST AID- REMOVE PROM EXPOSURE AREA TO PRESH AIR IMMEDIATELY. IP BREATHING 
HAS STOPPED. GIVE ARTIPICIAL RESPIRATION. MAINTAIN AIRWAY AND BLOOD 
PRESSURE AMD ADMINISTER OXYGEN IP AVAILABLE. KEEP APPECTEO PERSON WARM AND 
AT REST. ADMINISTRATION OP OXYGEN SHOULD BE PERPORMED BY QUALIPIEO 
PERSONNEL. GET MEDICAL ATTENTION IMMEDIATELY. 
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SKIM CONTACT! 
POTASSIUM PERMANGANATSi 
CORROSIVE. 

ACUTE EXPOSURE- DILUTE AQUEOUS SOLUTIONS, MAY BE MILDLY IRRITATING. DIRECT 
CONTACT WITH THE SOLID MAY CAUSE SEVERE BURNS WITH REDNESS AMD PAIN. 

CHRONIC EXPOSURE- EPPECTS DEPEND ON THE CONCENTRATION AND DURATION OP 
EXPOSURE. REPEATED OR PROLONGED CONTACT WITH CORROSIVE SUBSTANCES MAY 
RESULT IN DERMATITIS OR EPPECTS SIMILAR TO ACUTE EXPOSURE. 

PIRST AID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY. WASH APPECTED 
AREA WITH SOAP OR MILD DETERGENT AND. LARGE AMOUNTS OP WATER UNTIL NO 
EVIDENCE OP CHEMICAL REMAINS CAT LEAST 15-20 MINUTES}. IN CASE OP CHEMICAL 
BURNS. COVER AREA WITH STERILE. DRY DRESSING. BANDAGE SECURELY, BUT NOT 
TOO TIGHTLY. GET MEDICAL ATTENTION IMMEDIATELY. 

EYE CONTACT! 
POTASSIUM PERMANGANATE! 
CORROSIVE. 

ACUTE EXPOSURE- DILUTE AQUEOUS SOLUTIONS MAY BE ONLY MILDLY IRRITATING, 
HOWEVER, DIRECT CONTACT WITH THE SOLID MAY CAUSE BURNS WITH REDNESS. PAIN. 
LACRIMATION AND BLURRED VISION. CONTACT WITH STRONG SOLUTIONS OR CRYSTALS 
MAY CAUSE A HARDENED. ERODED LESION AOOOMPANIEO BY SWELLING OP THE LIDS 
AND CONJUNCTIVaB AND SUBOONUUNCTIVAL HEMORRHAGE. 

CHRCNIS EXPOSURE- '-••T iT CM T'-'S •::T«I(;T'!-',AT30N AND 3UP1-ICM OP 
EXPOSURE. REPEATED Ci? C.VGaO EXPOSURE CORROSIVE SUBSTANCES MAY CAUSE 
CONJUNCTIVITIS OR EPPICTS AS IN ACUTE EXPOSURE. TURBIDITY AND BROWN 
DISCOLORATION OP THE CORNEA IS POSSIBLE WITH PROLONGED CONTACT. 

PIRST AID- WASH EVES IMMEDIATELY WITH LARGE AMOUNTS OP WATER. OCCASIONALLY 
LIPTXNG UPPER AND LOWER LIDS. UNTIL NO EVIDBNOS OP CHEMICAL REMAINS 
CAT LEAST 15-20 MINUTES3. IN CASE OP BURNS. APPLY STERILE BANDAGES LOOSELY 
WITHOUT MEDICATION. GET MEDICAL ATTENTION IMMEDIATELY. 

IMCESTIONi 
POTASSIUM PERMANGANATE! 
CORROSIVE. 

ACUTE EXPOSURE- MAY CAUSE DISCOLORATION. INPLAMMATION. AND CORROSION OP THE 
LIPS, GUMS, TEETH, TONGUE. TONSILS, PHARYNX AND THE LARYNX. THE COLOR MAY 
BEGIN AS A PURPLE-BROWN. BUT WITHIN MINUTES THIS CHANGES TO DARK BROWN AND 
LATER IT MAY BE A COAL BLACK. A SLIGHT METALLIC LUSTRE MAY ALSO BE 
APPARENT. A BURNING PAIN PROM THE MOUTH TO THE PIT OP THE STOMACH BEGINS 
WITH NAUSEA AND VOMITING POLLOWING. THE VOMIT MAY CONTAIN PURPLE-BROWN 
OR BROWN MATERIAL. OTHER SYMPTOMS MAY INCLUDE DIPFICULTY IN SPEAKING OR 
SWALLOWING WHICH MAY PERSIST POR SEVERAL DAYS, BLACK STOOLS, AND 
EPIGASTRIC PAIN AND TENDERNESS WHICH MAY BE ACCOMPANIED AND EXAGGERATED BY 
TYMPANIC DISTENSION OP THE ABDOMEN. SLOW PULSE. SHOCK WITH PALL OP BLOOD 
PRESSURE AND DEATH MAY ALSO OCCUR. IP DEATH IS NOT IMMEDIATE JAUNDICE AND 
OLIGURIA OR ANURIA MAY APPEAR. IP THIS CHEMICAL IS INADVERTENTLY INHALED 
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POTASSXUM PERMANCANATB PACE OS OP 05 

•AOOZTZOMAL ZNPORMATZON-
THE ZMPORMATZON BELOW ZS BELZEVEO TO BE ACOURATS AND REPRESBNTB THE BEST 
ZMFORMATZON CURRENTLY AVAZLASLS TO US. HOWEVER. WE MAKE NO WARRANTY OP 
MERCHANTABZLZTY OR ANY OTHER WARRANTY. EXPRESS OR ZMPLZEO. WZTH RESPECT TO 
SUCH ZNPORMATZON. AND WE ASSUME NO LZASZLZTY RESULTZNB PROM ZTS USE. USERS 
SHOULD MAKE THBZR OWN ZNVBSTZSATZONS TO OETERMZNE THE SUZTABZLZTY OP THE 
ZNPORMATZON POR THEZR PARTZCULAR PURPOSES. 
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